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DOAB CAKAL.. 

Ou my depai'ture for Europe, after having been connected with 
the Doab Canal for twenty years, it has been suggested to me that 
an account of the different works, and an outline of the views upon 
which the Canal has been conducted, would be useful to my suc- 
cessors, and satisfactory to the Q-overnment, the following Memoir, 
therefore, is intended as a general sketch of the earlier periods of 
the Canal, with a practical detail'of w'brks and operations, inter- 
spersed with such remarks as have from time to time suggested 
themselves to me. 

2. It does not appear certain under whose reign, during the 
JSIoghul Dynasty, this Canal was originally projected, whether in 
that of Shah J ehan, or Muhummud Shah*— in later years, however, 
it is said to have been partially restored by the Kohilla Chief 
Zabitha Khan, (son of Nujab od dowla, an Afghan Eohilla, weU 
known as the guardian of Jewan Eukht, an Emperor, of Abdalla’S 

creation in 17 61 , Zabitha Khan died in 1784J-85 Nujab od 

dowla’s territory included the Suharunpoor District— at one time, 
however, he appears to have held Sirhiud as weU as the Districts 
bordering on Delhi,) who succeeded in bringing a stream of water 
frojn the Jumna to Gousghur, a fortified camp and one of his prin- 
cipal residences in the Suharunpoor District ; there are traditions 
of serious damage having been caused to the Towns of Behut and 


• Shah Jehan reigned from 1028 to 1659, Muhummud Shah from 1718 to 1748. 
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uQuntain torrents led ’to ttie wor^ being : 

)W/perfectljr cle'a^,'ttiat , bo’, great '4uaitit;if;''6l^ , ^ 

Sttye^Ken ',' allowed'^'; rvA. fbv my fengtb^ited ' ,, ■’ 

iidessive^'^ slope.'' of country' betWeen tbe 
feiver^ would ^ have led to a rebrogression bf l&W';&tal;fe^^ 
direction which the former now holds-^no masodry .Wbri^^p¥;|t^^ 
d^criptioh Were in existence, and although traces cif excitation • 
were found ih the Meerut District, it lUay he fairly doubted whether 
the Canal wat^ eter reached so distant a point. A. Boyal prese^e / 
at Eanup, a plice on the left bank of the dunma, and hear yto. and 
ppppsite the City of Delhi/ is said to have receiVed its supply of 
Wato from the Doab Canal— and the Hunting Palace of the Eugi- ' 
peror, denominated ‘‘Badshah-mahul/’* situated in the foresta 


’ • Whert I visited Badthah-mfthul in 1820, the buildings and enclosiprC of 
tbouti sao, yards aqjMire, were covered with an almost impenetrable Jupgla-r-the 
roofs of the large rooms apd apartments which had rested on timber had fallen in, 
and ihair floors were covered with the ruins not only ot the roof and walls, hut 
afsp of the remains of the ornamental stone work, which, ever since the place has 
been deserted, had been quarried and cut up by the natives— in clearing away 
these ruins from two of the largest rooms which had evidetjitly been the ‘Dewan-' 
i-Khas’ of two sets of palaces-^one of which was situated on the north and the 
Other on the south face of the quadrangle— a good deal of marble was found, 
which had, owing to the thickness of the debris in the flooring, escaped the ob- 
servation and cupidity of plunderers — the marble consisted of reservoirs, which had 
formerly been connected with fountains, these were carefully removed, and are 
now in the store rooms at Maniikmow— the largest and handsomes«t reservoir 
with its attendant slabs, 1 intended for tlio Botanical Garden at Suharunpnor— 
the smallest for tlie Fountain on the Rajpoor Water Couuse attached to the Goor- 
kha lines at Deyia. The remains of the Aqueduct which supplied the palace 
fountains is distinctly traceable fiom the Kharra Head, although, unless the 
levels or direction of the Jumna have veiy much alteicil, it is not very clear in 
what manner the supply was obtained — this Aqueduct looks in the present time 
like a mound or raised bank, it ciossed the Gayjra Row by a Masomy Aqueduct, 
some of the piers of which are now standing— the water appeals to have been 
conducted horn pitr to pier in a wooden channel, as there are no appearances of 
urcheSi 
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survey and re|forfc upou,,tW pradtici'biHiy pf opening the 
Canal— gjud in the following, yc^iv Capt; Jl^bt. 9i;aith^ of. 

Corps, was appointed Sdpferintetident. Capt, Smiji’s Estiti&atl'if 
the probable expense of opening the Cakal from the 
now head near Byzabad, to its re-un^p -^itk^e Jumna near 
Lobni oppcM^ite to Delhi,” is dated 25th May 1^23, and amounted 
to Bupees 2,03,033-3-0. Excavation was commenced at tJih:cl9Sp 
ofl$28. ' '■ '“’ ■' ; ' '' •'>-. '* ' 

6. The line taken up by the original projectors passed centrir 
cally over the high land between the Hindiin and its tnbutarios! 
and the Jumna Biver, although obliterated at Some points, the 
marks of the old excavated C^^hannel were sufficiently connected to 
establish the true bearing of the ancient Canal— the courses of 


The branch of the .lutnna has formerly ronde a set upon the N. W. anjfle of 
the quadrangle, and thrown down a vast quantity of building and long lines of 
revet)nent, —these oiasses are now lying in ihe bed of the liver built almost entirely 
of round boulders with comont, and bearing the appeaiunJe of a natural Con- 
glomerate Uock : one proof at least, that boulder masonry is not to be despised. 



W been t?k^, 

:.' i^eneraUyjspe^iag, 

'pelecting; a:(^\p:80_,)ttQ)i|fc.'fi^^^ ^ 

^ It ia pi:o^able ihat^ ' when- the ■;'.' 

WAa^tak^^frpia tWpioiiitr^^^^ the Map, thsii/tW^^^ 
untJeTf tli|g l^jll^ee, J^ahat-mah and oate^^ the B^^dhy[|% ; , 
:;^i^iahdy^ the village pf?yanda» from thence down, the hei,o^ the: 
'latter.jj8ivex^ to a point opposite NyaBhur^r-at this point the,.^0" . 
piv certain line of artificial e?ccavation cpiumepces, in a cut connocl^r ^ 
ing the Boddiii Jnutna, with the Baipoor |tiyer, down the cpnr^, ? 
of which the stream was carried in % south-easterly direction ,&r 
about % miles, the Baippor iS-iyer at this point takes a d«^cfapi 3 i to 
the smith- west, but the Canal continues its, south-easterly course 
o>^r the high land, passing the Jaton. A¥ala drainage, and , the'' 
Jjiogong Biver, beyond which at the distance of half a mile it 
/, terininated at the head of a -ravine or hollow called the Behut. 

Khalaj, through this, ravine -the stream took its course until its 
' function with the Musknrra, a mountain torment of considerable 
. maguitude j but as in the case, of the.Baipoor, Jaton "Wala and 
■ Nogoug lines of drainage, only charged with water during freshes ‘ 
. in the < rainy months, their beds being perfectly dry at other 
- .periods of the year : down the course of the Muskurra the Can^ 
passed for about 4000 feot until its approach to the village of 
JCulsea ; here the excavation commenced again on the high land 
passing to the west of Suharuupoor, and terminating at the head 
of the Shamli Nulla immediately north of the village of Abba. 
From this point the Canal appears to have continued along the 
tortuous line of the Shamli Nulla for about 24 miles, until its 
approach to the village of Byuswal, in the Muzuffurnuggur Dis- 
trict,— here the Nulla took a sharp bend off to the east, and the 
Canal was conducted in a southerly direction passing to the west 
of Sliamli, east fjf Kandla and west of Barote ; after passing tho 
lallor place, the line was inclined somewhat to the south-east, 





■ cattims^^lload,' iu&d of being at B/'j^^^i^iblisbed at md 
16?^ of letting tlie tail vater dsrapo'mtd tW jumnn dbwa the 
- Siitani NuUa, a gtrtigbt cut was niide from the village of ^GoSul. 
poortO.Selifflp^r pn the Jumna, leaving the Sibani as an escape 
for floods during the rains, or fftiperfluous water at other seasons., 
3%e Oahid between- Abba and Bynsw'al wasn^tainedinitsold ' 
course ' dowii the Shamli Nulia, the tortuosities of which were, in 
the miiior details, occa^onally connected, ' - 

7. V Early in 1825 I joined the Canal as an Assistant to C^t. 
feobt. Smith. At that time excavation was in progress froin 
Kandla downwards ; a portion of the Canal Channel near Behttt and 
Kulsea had been excavated, and three cuts had been made at the 
villages of Kalowala, Dowlakooa, and Ullooni, to throw the waters 
of the Muskurra into the Hindun Eiyer. Ko masonry works of 
any description had been commenced at this period. 

8. On the 3d of J anuary 1830, the whole of the excavation be- ' ' 
ing completed, the masonry works being in a sufficient state of ad- " 
vancement to admit of the opening of thq Canal, and the head of ^ 
theBoodhi Jumna having been prepared for the admission of the 
Canal supply, the Doab Canal was opened in the presence of Col- 
onel Colvin, Superintendent of Canals, and the Civil Officers of 
the District, Captain Bobt, Smith’s health not having permitted 
him to remain to witness this satisfactory termination to his labors, 
ihe Canal water, which consisted of a small supply, reached the 
Jumna at Selimpooron the llth of January, having been about 
Hi days in progress, at a rate of little less than half a mile an hour. 

9. On Colonel (then Captain) Smith’s departure, I was al- 
lowed, to remain in charge of the Works until April 1831, when I 
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^ ^ 2^/— Allumpopr to arkum iand^ ^tk of clay, kpie j 

;rai^,tlbej:e,1}ut geuera]^^ on this Knpmay Jbe de- ^ 

•VaoriWaii^^^A /7’, ,;v\ 

, '" 3rJ.-^jrom SutjtiQTi to, JaoJi c/ay ^ spfne places with * 

kpiiur.' ' v '- ' • V 

, ^/Ath . — From Jaolito the tail of the Canal at S^tnpoor 
' At a few points the soil is impr^nated, with a salt, which renders 
it.ba^, for embankments, — ^this.is particularly observable near 
?' Gudaj, Bynswal, and Selimpdor— but the evil is confined to^ 

distances, and is of no material consequence. ^ ■ ,. 

' " ‘ '^11. " It will bo observed that sections 2 and 4 of the above be- 
Bcriptiqn.of soil, show that the Canal hod from Allumpoor to Sur- 
kurri and from Jaoli to Selimpoor, consisted of sand, the one being 
in the northern and the other in the southern .region of the Canal 
— in both of these regions there is a considerable fall or stop in the 
surface of the country, in the 1st case depending on the proximity^ 
to the Hills, and in the 2nd on its leaving the high land of the 
Doab and falling into the Khadir or low land of the Jumna 
Biver 


12. Immediately after the water was admitted into the Canal 
the effects of a rapid current running over a sandy bed displayed 
themselves in rapids forming at difterent points upon these two sec- 
tions ; south of the Belka, Ghoonna, Jaoli, and Selimpoor Bridges, 
these were mosti conspicuous ; beds of clay exposed by the wear of 
the current acted as checks in delaying the evil which was evidently 
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.i^ra^iwmndiate prbt^^V''*' 
On. the J<Wh,'J^tt^:|,#'of six peritendieiikr feet had tescBSd?, 
the flooita^ of M^elka B'ridge--a‘ Wmilar’ M had approaehed ' 
Within 500 feet ef tint at Q-hdonna, and the Selimpoer and Jadli ■ 
BridgeS) which.wefe ne^l^ in a simdar pfedij^iheat,“weie fortu- 
nately dppoaed to so small a body of Water, that no particillSr 
danger could be anticipated j at the Belka and Gbdonna Bridges 
the means which I adopted for their protection were in the estab-‘' ' 
hshraent of rafts of timber, strongly bound together j these rafti 
were picketed upon tiie rapid, with lines of piling on each flank ; ’ 
at Ohoonna this plan was most effectuai, but the rapid retrogres-’ 
Sion Of levels upon the Belka Bridge rendered every attempt at 
saving the work ineffectual. ' 

13. The plan which I proposed for remedying the evil as far 
as was immediately and urgently required, was by construpting 
falls or descents of musonry, consisting of one chamber of 20, and . 
a second of 15 feet wide, to bo used for the purposes of lockage, 
scope being left for the construction of another 15 feet chamber 
on the otlicr side of the larger opening so as to give uniformity 
to the. design. These masonry descents were to be attached to 
Bridges. Between each separate set of falls the bed of the Canal 
was to he reduced to one uniform level of 17.6 inches per mile. 

Tn conformity with this proposed arrangement, bills and esti- 
mates were submitted for the following works in the 1 st section : 

Bridge .^nd Falls at Belka, 15 

1 oils at Jtundole, ,, , 

lalls at Glioonna, 

Two intermediate Bridges and falls at JSTugJa and Bobyl of 
ft feet each. 

These falls were to consist of two chambers, cue of 20 and 
the other of 15 feet in width. On the second section Falls and 

}\ 






Bridg^ST a^tilior^-^ .S^tim^br, 

wil^H: St ; Sitej^ * r At cle^i^iipp <?on- 

nmtijig pfoii^ chambei* 15^ feet^ y/rsL ^: i plm.of 
lour e<im mills* At the four othet plaWrt^ falls ^ projoct- 
*’ ©d iutwo cumbers of 15 foot iu width iaaeb, obo of tlio chambers 
to bp . rek(|f , for the adaptation of lock gates, when such might 
3 be considered advisable. I can only fepur to the anxiety and 
^ ci^'o of the period when these works were under construction — to 
\ the dilfieulties that were experienced in^Coutending against these 
^ rapids, and in maintaining the supply of water in the Canal, under 
the deposits ofsilt hourly forming in the Central regions, requiring 
constant raising of embankments on extended lines, to look with 
satisfaction at the results, as sliewnbythe gradual and annual 
increase of Caiial Kevenue, and tlie success which attended the 
, construction of the works above referred to. In my “ Beport on 
the levels of the Doah Canal,” (vide Appendix A. ) dated Ist 
. April 1837, and in the sheets of Sections, (vide Appendix B.) full 
> information will be found both on points regarding the levels, and 
to the state of the centre divisions owing to the deposits of silt. 
Since the period of submitting that Beport an additional 15 feet 
chamber has been constructed at each of the falls in the northern 
region, 5 other falls or descents of 4 feet each have been built 
soxithofGboonna, at the following places, viz. Snrkurri, Hulal- 
poor, Mekchiipper, Beeree ani Balpoor; and the whole of these 
works as well as those formerly constructed have been adapted 


to lockage. 

The deposits of silt have entirely disappeared on the whole 
line as far south as the falls at Balpoor and at the Bridges at 
My hi, Nowruugpoor and Bainpoor, which are immediately south 
of Balpoor, a satishictory although gradual decrease is distinctly 
perceptible. 

14. With 'this general sketch of the early part of our opera- 
tions, I shall iio'^)roceed to a detail of the dilFerent works com- 
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mencing Wifclj tliois© from the Canal Head to the Nya^httfiOhoki, 
or on that portion of country; represented in the acccompanying 
Map (Surrey of Lieutenant Debude, 1823,) sh^t Ko. 1. 

15. The } umna River, at the period when Lieutenant Debude 
made this Survey, appears to have taken a direction very similaf 
•to that which it assumed after the -rains of l$4i^, previously to 
which the main stream on its approach to Kelsur kept to the right 
bank close under the village, leaving a smaller one on the oppo- 
site, or on that side where the main stream run in 1823. Tins 
return to its old course has tended very materially to facilitate the 
maintenance of the Doab Canal supply, and to reduce the expense 
of the operations annually required for this maintenance ; the head 
of supply upon which the Canal chiefty rests being at B, or as it 
is denominated the Kharra, in opposition to that at A , which is 
called the Fyzabad head. 

jBoodhi Jumna Head, and reasons for taking possession of the 
Budshahmahul or Kharra head also. 

IG. In 1834 a rapid in the Jumna at A, from tho head of 
which the supply was taken, had retrograded to sucli a degree that 
the expense and delay of pushing out a spur from tho shoulder A, 
so as to reach the top of the rapid, and thereby gain the supply, 
‘were so great, that it was determined to take possession of the 
Badshah-mahul branch, and the head which has been described 
us that used by tho original projector at B. This work was e\e- 
(jLited in 1831 at an expense of about 2,205 Kupees— it morclv 
consisted of cutting through a bed of shingle at tlie head of tho 
brancdi at B, and construetiiig a bund at 0, so as to prevent the 
water from returning to its parent stream opposite Py^'i-kad. It 
was by no means intended that tho Fyzabad liead should bo de- 
serted in cousequonce of this arrangement, but that in tho event 
of either one or the other requiring very heavy repair,, such 
repair might be effected without interfering with the Canal supply? 
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hy using that one which ht the close of the raind was meet «iyaUa- 
hle. In years of drought, however, when the demand for water is 
great, it is very desirable that the Kharra head should be used, so 
that the arrahgeraenta noted in sheet I5'o. 2, may be carried into 
effect. The Fyzabad Dam, or that constructed on the site of the 
bund C, before alluded to, orginated in the wants of the Delhi 
Canal and the loss of water that was sustained by using the Nya- 
shur Dam at D, as a Begulator, for the Doab Canal, by which all 
water not required for the wants of that Canal was thrown into 
the Jumna, south of the Delhi Canal heads ; the inability of the 
Jumna to supply both the Canals even in the driest months, is a 
contingency that can rarely occur, but under such contingency 
tlie plan adopted of using the ICharra head^ and making the Dam 
at Fyzabad the Begulator, secures the object most effectually. 

The Fyzabad Dam was built by Mr. Sub*Conductor Pigott, 
in 184il-42 and 1842-43, at an expense of 13,880 Bupees ; it con- 
sists of a platform 44 feet wide, of boulder and stone lime masojiry 3 
feet thick, with a curtain wall 6 feet deep to the front and rear i 
on tlie Hanks of this platform over-falls are constructed with 
revetment walls to connect the work with the embankments, 
between the flank over-falls, piers of 6 feet in height divide the 
space into 20 openings, or sluices of 10 feet wide each. It was my 
intention to have used the lower or Fyzabad Head for the 
inaiuteuaiice of the Canal supply during the cold weather of 1843) 
to have enabled me to lay the Badshah-mahul branch dry, and by 
so doing have effected a clearance of old box work (the remains of 
the original himd,) which is now awkwardly protruding itself on 
the front of the sluice openings of the Fy/abad Dam, as well as 
to deepen the cut S S S, so as to admit of the Canal water run- 
ning freely and decrease the head water upon the Dam ; this 
clearance ought to he carried into effect as early as possible ; the 
li< 3 ad water on the sluice gates ought not to exceed 3 feet, which 
would reduce the size of the gates to \ery manageable dimensions 
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Bridge which is proposed to he conrii^ucted over, the linct S 
8 S, so AS to connect the Choki and Village of FyzabAd with the 
X)Am, would also he built under the advantages of the bed being laid 
dry. Circumstances prevented this from taking place duriug both 
184i3 and I844»t~but the sooner it can be done without interfering'^ 
with other works the better. l%ere is a small Choki at Fyzabad, 
the remains of an ancient mosque, repaired by me and fitted with 
door^, but at tjie Kharra Head there is no cover whatever for 
either establishment or stores, there is a good spot on an elevated 
place and overlooking the works which was formerly cleared, and 
up to which a road was made by me with tho intention of estab- 
lishing a Choki post thero--30,000 of the Badshah-mahul bricks 
were collected at the spot, but other occupations prevented the 
Choki from being built— as Nyashur, the nearest 1st class Chohi 
is 6J miles from the Kharra Head, and as it is desirable to have 
a dcp6t of tools and stores at the Head works, I strongly recom- 
mend that a 1st class Choki (with a masonry roof, so that all 
chance of fire may be avoided) be established at Kharra. A small 
Choki, built of brick and mud, which was formerly constructed 
at A, or tho Head, is now in ruins, its fato having been 

sealed by the floods of 1841, which sw^ept over the island upon 
>vhich it is situated. 


Murli JHajhuJia. 

17. In tho year 1830, in consequence of the groat demand for 
water for irrigation, the bunds of tho Delhi and Doab Canals 
'were thrown completely across tho bed of the Jumna, and the 
whole of the water was taken from the river — the bed of the 
Jiiiiiiiafor some miles south of tho lowest bund of tho Delhi 
Canal was laid entirely dry, with the o.veoptiou of a few pools of 
apparently still water, and the population of th« difierent villa- 
ges living on tlie island formed by the Jumna and Boodhi Jum- 
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m, wbo trua W. entirely to the foi*mer river for ^Lciiiking 
for the^elves 2 ^p.i cuttle, was , put to great inqony^tence^it , 
was therefore proposed that a water course should be taken off 
from the Canal at some point south of A, and carried cqntrically 
through the island— a profile of- the country was takei; so as to- 
satisfy myself of Ihe practicability of obtaining our object at a 
reasonable cost, au4 an estimate amounting fo 16,000 Jlupees was 
submitted to and passed by Government— want of assistance in 
European or intelligent Native subordinates has prevented this 
work from being commenced, but it will ere long be taken in 
Land and completed— the fall of country upon which the water, 
course runs will admit of the iutroduction of the native corn 
mill and other machinery if necessary at different points on the 
high land ; and I have no doubt that, although the contingency 
which led to its being projected may only occur occasionally, the 
value of the water both for irrigation and drinking purposes will 
bo duly appreciated. 

Nj/ushur Water course. 

18. On the high land between the Khadir of the Tanda Nulla, 
or Eeet Eow and the village of Nyashur, traces existed of an 
old water course said to have been dug previously by the Zu- 
meendars of llaipoor ; either the bed of the Boodhi J umna, from 
which its supply was said to have been taken, had become much 
depressed since this w'ater course was used, or the work had been 
a fiiilure, most probably the latter, as tliere were Jio signs of ex- 
tensive or deep excavation having he(.‘n made, wliercas the re-svit 
of my levels showed that, on leaving tluj Khadir and entering the 
high land, the excavation must iieec'ssarily be from 20 to 27 feet 
deep, allowing a moderate slope for the bed of tlio water eourscj ; 
this great deptb of excavation however was not reejuired beyond 
4 or 5,000 feet in length, after which the surface of the ciumtry 
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declined rapidly, and at the digtance of two miles from it^¥olirCe 
of supply, a natural flow of water on the surface was obtained fbr 
the purposes irrigation. The Ziimeendars "of Baipoor end 
other villages, whose lands would be benefltted by irrigation, ap- 
pear to have: been too poor to undertake the opening of this wa- 
ter course at their otvti expense, and thb benefits likely to bo 
derived by Government by the clearance of forest and increase 
to cultivation led to a recommendation from Mr. Grant, then 
Collector of the Suharunpoor Diatriet, that Government should 
be at the expense of the undertaking ; this having been approved 
of, the work was completed at an expense of 4,030-11-3 during 
the year 1841. The water course left the Boodhi Jumna at the 
junction of the Tanda Nulla with that river, on a bearing nearly 
duo south towards the village of Nyashur, on the approach to 
which it broke olf into two brandies ; one running direct upon 
the Canal Choki, beyond which it crossed the Canal by an 
aqueduct carried tb rough the flooring of the .Regulating Bridge, 
and tennimitod in the Canal plantations ; another to the south- 
east to the Itaipoor Nulla, which was reached on the southern 
boundary of the Estate of Mirzapoor ; besides the aqueduct on 
the Regulating Bridge, two small masonry Bridges of commu- 
nication were constructed on this water course. Between the 
head and the village of Nyashur, the country was covered with 
thick forest— the liability to the formation of ravines by the 
cutting of drainage water into the deep digging was not over- 
looked, and coDsidcrablo couuler-drainage was d('signed and 
cvecut(Ml, so as to relieve the water course from this incouveni- 
enve. Immediately after the work was opemed, the occurrenco 
of Avant of rain led to great aclixity amongst tlie Zumeciidars 
and cultivators in taking advantage of the benefits oflered by the 
water ; from the point Avhere the south-east branch terminated 
in the Raipoor Nulla, the /uinecudars carried ilie lino forward 
in prolongation, to the neighbourhood of Jatonwala; the Canal 
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plantations were irrigated,, and there appeared every probability 
of success attending the undertaking— this however did not prove 
eventually to be the case, the demand for irrigation in the tracts 
near and in the forests, is not so groat as elsewhere) the returns 
from irrigation did not pay a moiety even of the expenses of 
repairs, tho drainage of the forest by occasionally making inroads 
into the deep digging led to very heavy expense in re-excavating 
tho channel, and tlio inability of the European Overseer to give 
up his time to this work, with the overwhelming duties of his 
Division (extending from the head to Q-hoonua, and embracing 
tho charge of all the Dams) before him ; induced mo to discon- 
tinue the repairs until a more favorable period should arrive, or 
until a relief from the heavy duties which did at that time 
occupy the time of the European Overseer, should admit of his 
looking alter its interests. This work is so far a failure : but 
1 am satisfied that the extent of country which comes under its 
infiuence, will render its maintenance in a state of eiricitmcy 
hereafter advisable. 

Nyaalmr or BoodJii Jumna Dam, 

19. The Nyashnr Dam on tho Boodlii Jumna, which is situa- 
ted at tho point wliere the Canal strikes ofi‘ upon the high laud, 
and which is intended to maintain the Canal supply, is a work 
similar to that described atihe Fyzabad Dam —it has tliirty 
openings or sluices, 7 feet wide, the ten centre ones (having their 
sills raised 2 feet above tlic bo<l of the river,) being provided 
with gates— and the ten fiank ones being overfalls with their sills 
or wasteboards, elevated 4 feet abo\e the bed of the river, the 
upper two feet having vanes or sleeper planks adapted to them. 
This work is also terminated as at tlie Fyzabad Dam, wdth over- 
falls rising one, above the other to the height of 9! feet, wdtli 
reietment to connect them with the banks of the river,, Tlie 
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KofTulatin^ nritl^o, which is situatctl in tlic Canal at some dis- 
tance IVom the Dam, consists of three arches of 20 feet span eacli, 
it is fitted witli grites, sleepers, windlasses, cVc. When tlic Dani 
is thrown open to receive floods nineli come down the Roodhi 
.Tunina, tlie f^ates of this bridj^e are closed, <and tlie flood water Is 
confined to its escape over the Dam, and down the course of tlio 
river. Attaclied to tlu'se works is a 1st class or OHlce Clioki, 
consistino; of a circular room of 20 feet diameter, with a vio andi 
10 feet vvi(U' ; tin’s veranda is divided into four ])orclu's leading; 
from th(' outside into tlie ci'ntre room, and four small looms thn-e 
of whicli ojien out extoinallv, oUeimif accommodation to the 
estahlisln'i' iil, tools, stoics, tvc. 'I'here are aKo <‘xtensiv(' plan- 
tations for forest trees attached to this Choki ])ost, 

20. Idle thri'e Nvorks allmhal to in the last para, weri' hnilt 
pre\ iously to IS, 'JO, 'flu' Dam, witli e\e<'ption to the foundations 
and tail jilatforin m wliieh livei h('”M''is have heen used, is hmlt 
almost entiiely of aneient le n'ks Inouyht ftom Ifidshali-mahnl, 
tlu' front and reai enrtain l^amdatioi s ; < 0 li'et dei p. The mor- 
tar used was stone lime 'md sooikhi, 'fins woik, up to the laiiis 
of ISIl, not only did its v. oi k iiio>t (‘ili-ctnally, but tlu' repans 
:('(piiiMl aiica.dly (‘or its pKserxation weie exia'edmyl y small, 
d'lu' floods of IS 11, iioweM'r, in rismy considerably aliove the 
flaniv ie\etnu nts, turiA'd the Dam on its h it Hank, cleaiaal nwava 
iiassaye of 200 feel in ^^ldt!!, lx twi eii the D.nn and tlu' Kefriilatiny 
Ilndl^i', and can ied au.iy the siipe. sti na ture of the Dam rcvetmimt 
and a poition of that of the h'ft fl.ink oveifails. 'I Ih' flood that 
ficciiiied \\lientiiis neealent hap[)ene(l lastul for so mmy(la\s, 
tli;it it was snpposial that :i yveat poition of the mam stream liad 
ayain taken to its old eonrse ol' tin- Doodln Jnniiia, a sapjiosition 
that was not rraliz<'d , hnt ilie ef/ect ol the eonst intly rmmlnL!; 
eiirreiit o\ er the hriek wo.k of tlu* Dam w; s yie >(, i sliihitul in 
d(‘ep siams woin thioiiyh tiu' hnek wi/.k, and tlii' leiiu'Cval ot 
some’of the p is. uh.eh \irn‘ found 1\ iny in ma.i'’ at ilie Dam tad 
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21. The extreme height of this very severe flood appears, 
from the water gauge on the Regulator, to have been 11 feet, At 
the time when it occurred the Regulating Bridge was entirely 
closed ! — the pressure of water, however, on the gates led to one 
of them being snapped asunder, and to the admission in the Canal 
(already sufficiently loaded in its course below the Raipoor Nulla) 
of a most unseasonable supply of water. 

Nyashur JlcgulaUng Bridge, 

22. The Regulating Bridge is chiefly built of material brought 
from Badshah-mahul, its foundations rest upon large shingle, it 
has curtain walls to the front and rear, laid to a depth of 0 feet, its 
water-ways are counter-arched with brick masonary, (segments of 
circles with versed sines of 12 inches) — I consider this Bridge to 
he in every way sound and very solidly built ; it rcipures, however, 
to be fitted with stone slips and caps for the grooves in which the 
gates and sleepers work — this stone was prepared by mo and 
lodged in the Choki, and is ready whenever circumstances render 
4s application desirable. A heavy rapid is working back upon 
the flooring of this Regulating Bridge, the danger is not so apparent 
when the Canal is running with its full supply ; but when tins is 
not the case, it will be observed that a deep narrow gutter or 
dinette has formed itself in the Canal bed, and this is gradually 
although certainly making a retrograde movement upon the Bridge 
foundation; I have been very careful always in watching its pro- 
gress, and when I last saw it, it was about 100 feet from the 
Bridge, but the fpiantity of large boulders which have from tiipe 
to time been thrown down at the tail of the Bridge, oilers a full 
protection to the work, more particularly as the proximity of the 
Dam places the water perfectly under our control. An additional 
tail may hereafter be required, unless boat navigation be consider- 
ed desirable up to the Jumna, in which case this would be One of 
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tlio points wlierc falls and locks would naturally be constructed. 
Tliis Bridge is situated at a point 415 feet from the Dam. 

Nijashur First Class ChoJci, 

23. The Choki is built partly of half-burnt brick .and partly of 
mud, it is plastered on tlie outside throughout with sand and stone 
lime, the centre room is thatched and tlie veranda Hat roofed with 
pukka terrace; the site of this building is exceedingly pretty, it is 
liighly situated (on the river side) with a gradual slope to the 
water’s edge, the water as clear as crystal in the months between 
the termination of the rains, and the melting of the snow in the 
Hills — the forest trees, which originally covered this ground on 
wliich tlie Clioki stands, liave been removed, and the toon, teak, 
cabuarina and sinus have taken their places; there is at present a 
fine specimen of the Indian Rubber Tiec (Finis FJastica) near the 
budding. 1 look upon Nyashur as a healthy Choki post. Ire- 
sided there during the rains of IS 1*1, and neither I nor any of my 
servants had a da^s illness. 

Xijasliur Plantations. 

2 1. The plantations at Nyashur were established by Col. Robt. 
Smith; tliey occupy a strip of land between the Canal and the 
high road I'rom the Choki to Raipoor, as far south as the Nyashur 
masonry inlet, on the left bank of the Canal : on the right bank 
the limits are much extended, being bounded by the Canal and 
Boodhi Jumna on two sides, and by a boundary ditch on the third, 
the' shape of the plantation being triangular.''^ This latter piece of 
ground has only been partially planted. When originally taken 
lor the purposes of plaiiUtion, it consisted of a thick forest of high 

I . 

* • The extent of tliese plantations is 185 begas. 
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grass, Dak (Butea frondosa) and Kyr (Acacia Catechu.) At some 
parts this tract was inaccessible from the thickness of the jungle, 
and offered a harbor to wild animals of various sorts, amongst 
them the tiger, many of which have been killed within the limits 
of the plantation. The burning of the grass in these forests which 
annually takes .place, has been a great drawback to the steady 
growth of trees ; attempts were made to check this evil, by clear- 
ing roads of 50 feet wide through different parts, so as to divide 
the whole space into detached portions, the expense of this however 
led to its discontinuation ; but we have gradually succeeded in 
getting rid of the grass by ploughing up and sowing wheat for a 
season or two before ground is occupied by trees, making the re- 
turn for the sale of grain cover the expenses of the clearance, I 
dont think that above one quarter of this part of the Nyashiir 
plantation has been cleared and planted; but that on the left bank 
of the Canal, has long been filled with trees, — here are some 
very good specimens of the Saul (Shorea robusta) brought from 
the northern slope of the Siwaliks, they were planted by me 
about 15 years ago, and although they have at three different times 
been nearly destroyed by fire, they are now thriving well. The 
toon, sissoo, and sirrus, are the trees which have been most com- 
monly planted, and lately a very ornamental variety of the Acacia 
(A. superba) has been introduced from the Eastern Deyra Doon, 
*~this tree, which is so remarkably conspicuous in its own native 
forests from the whiteness of its bark, elegance of proportions, 
and loftiness of bearing, thrives well in the plantations— the na- 
tives call it * Khurra.’ No satisfactory experiments have been 
made as to the value of its timber — this would be worth while 
carrying into effect at an early period, as its size, length and 
straightness would render it an useful accessory to our timber 
yards. 1 believe that the Acacias are almost universally consid- 
ered to be usefol either in building or in the arts — a packet of the 
seed of the Khurra was formerly sent by me to the Secretary of 
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the Agra Road Fund, but I have never heard whether the seeds 
vegetated or not. The tree in question may be recommended to 
all Road Fund Committees, or to those laying out ornamental 
plantations. 

. Roads connecting the Njjashur Choki Pasty with ihe Canal Heads* 

25, From the Nyashur Choki to the Kharra, or upper Head, 
a road has been made out of the Canal funds, from this road 
there are branches to the old or Fyzabad head, and also to the 
Clioki and Dam at Fyzabad. The Tanda Nulla and the Gayjra 
Row are the chief impediments — the former having a deep and 
well defined section might be bridged, but the latter, consisting of 
a wide and shingle bed, merely requires an annual clearance. On 
the branch road towards the old Head, the Badshah-mahul line of 
Canal is crossed, a Bridge at this point would be very convenient, 
three openings of 20 feet wide each would be sufficient, the piers 
might be massively built of boulders of which the bed of the Canal 
is composed, and stone lime cement ; timbers being thrown over 
to form the roadway — the cost would be comparatively cheap, 
owing to the material being near at hand. A Bridge has been 
already authorized for this branch as before described at S S S, 
for the purposes of connecting the Fyzabad Choki immediately 
with the Dam — this Bridge, by being placed in a more southerly 
point, might by an alteration of the present line of road, answer 
both purposes, an arrangement perhaps to be preferred, as the 
multiplication of masonry works in these branches of the Jumna, 
which are constantly liable to be overcharged with water, ought 
undoubtedly to be avoided ; under the latter plan, the following 
diagram would exhibit the chain of connection between the main 
line of road from Nyashur to the Khurra Head, and the Fyzabad 
Dam and Head. 

If thfe Bridge however is removed from the immediate proximity 

.'^,356 
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of tile Fyzabad Dam, it yvill bo necessary to give cover to tlie 
bildar cstablislinicnt,' who, during floods, ouglit to be as near the 
Dam as possible, so as to be ready to regulate the sluices. 

Remarks on the Floods of 1844 — Efjects at llajghat Mandi^ 
Beijra Boon, Fyzabad Bam, and Canal Heads. 

2G. The only furtluir remark that I have to make on this sec- 
tion of the present paper is on the extraordinarily high floods of 
1844. 1 liave known these rivers intimately since 1827, and can, 

voucli for nothing having occurred since then, to be compared to 
them. The following section taken by myself at Rajghat Mundi 
a large timber mart on the Jumna, in tlie Western Deyra Doon, 
will sliew the height of flood during tlie rains of 1814, compared 
with previous ones. x\s a proof of the very unusual occurrence of 
floods of this description, the high land at the Ghat above the 
levels, shown as that of a flood of 20 years ago, was covered with 
stacks of timber of various descriptions, wdiicli had been collected 
ready for rafting down the river, and stacked on land supposed to 
be out of the reach of the highest floods — the greater part," in fact 
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nearly the whole of this timber was swept away, anti property to 
the amount of 3000 Rupees is said to have been lost; tliis is a 
large sum, considering that the timber at the Rajghat sells at a 
very moderate price. The effect, however, on ihe Canal works 
was serious, although the buildings of masonry suffered little inju- 
ry. Tiie mouth of tlic Kharra was blocked up by a high bank of 
shingle and large boulders, and the Canal channel was com])letcly 
obliterated. The Fyzahad Masonry Dam appears to have had a 
body of water flowing over its pier heads equal in depth to G or 8 
feet. The island marked X m Diagram I — which, at the point 
w’herc the Choki is built, is more then ten feet above the surface cf 
the Jumna, in the cold weather was covered with water, and old 
channels whicli intersect this island, which had become choked 
up and covered with trees arrived at the age of maturity, were 
cleared out, and the trees thrown prostrate in the direction of the 
current— the old or Fyzahad Head was not much injured, but a 
flood of 11 feet in height came down upon tlie Boodhi Jumna Dam, 
at Nyashur, doing the injury before explained (in para. 20 ) — the 
effects of the flood on the Fyzabad Dam will be best shown by a 
diagram, the water paid no more respect to tliis work than if it 
had not, existed ; after far over-topping the piers and holding the 
Dam “ in the deep bosom of the ocean buried” for a considerable 
period, the water subsided, leaving the work a literal skeleton, 
both flanks had been turned, and the work in both revetments 
piers and overfalls, was standing in relief, without one hricic of the 
slruciurc having been displace f the following will explain the state 
of the Dam after the flood. 

Fyzabad Dam farther alluded to, 

27. During the floods of 1813, the set of the current down the 
Badshah-mahul branch was evidently upon the island flank of the 
Dam ; tlifs flank was turned at tliat period, but to a small extent, 
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and the embankment connecting the Dam and Island was restored ; 
spurs were also established at the shoulder ct a a, so as to give 
the current an inclination upon the Dam sluices ; these were of 
course washed away during the heavier floods of the following 
year, but it will be necessary to reconstruct them, and every en- 
deavour ought to be made to relieve the flank of the Dam as well 
as to strengthen the embankments in that flank, so that future 
fractures may be avoided. 

28. The original project placed the Bridge of communication 
to the Choki on the island flank — to be connected by a line of 
masonry revetment with that flank ; it w'as fortunate that this part 
of the plan was never carried into execution, the whole would 
certainly have been submerged during the floods of 1844, and the 
Bridge would, in all probability, have been carried away. 

29. As both the Fyzabad and Nyashur Dams are built on 
rivers, the beds of which, although running on a considerable 
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declivity, consist of boulders of rock, any dangerous retrogression 
of levels on their platforms or tails is not to be anticipated. 


SECTION II. 

Nyashur Chohi to Kulsea Clioki, 

30. Between the Nyashur Regulating and the Raipoor Bridge 
there are no masonry works of any extent, the Nyashur inlet situa- 
ted on the left bank and on the boundary of the Nyashur plan- 
tations has acted efficiently for the drainage of the country in its 
neighbourhood, and the Raipoor inlet, a somewhat larger work on 
the same bank, consisting of two openings of 6 feet wide each, ap- 
pears to be also efficient, although at two different periods the 
water from the country has risen over the roadway flooring and 
carried away the banks in its neighbourhood ; as the masonry has 
not been injured on these occasions, and as in all common years 
the capacity of inlet through these two openings has been sufficient, 
I have not thought it worth while to make any alterations ; this 
inlet, however, drains an extensive tract of forest land through a 
ravine, wliich is crossed on the high road between Raipoor and 
Nyashur. On the right bank of the Canal one irrigation outlet 
exists at the head of a rapid, which appears to have retrograded 
to such an extent as to have led to the desertion of the outlet ; 
formerly however, this was the head of a very fine line of water- 
course which ran south and parallel to the Canal, crossing the 
Raipoor outlet of escape by a masonry aqueduct, constructed par- 
allel to the flooring of the roadway — this water-course continued 
to the land of Allumpoor, and even to the left of the Allumpoor 
escape, which it crossed by a temporary wooden aqueduct, large 
tracts of land, which at the time when the Canal was excavated 
were ly*ing waste and covered with forest, were broken up and 


D 



26 


DOAB CANAL. 


cultivated under the irrigation from this water-course. During 
late years, however, no water has been taken from the outlet; 
sliould this arise from the retrogression of the Canal rapid having 
left the flooring of the outlet high and dry, I would recommend 
that another head for irrigation be established further north, so as 
to be free from the influence of the rapid, the maintenance of this 
line for irrigation appears to me very desirable. 

Raj poor Bridge. 

31. The Raipoor Rridge consists of three spans, the centre of 
20 and the side ones of 15 feet each in width — the foundations are 
laid on a boulder stratum, and are built on the plan universally 
adopted by Col. Smith in all his bridges on this Canal, consisting 
of front and rear curtains with counter-arches on the same form of 
curve as described in para. 22 : the depth of foundations at the Rai- 
poor Bridge is 3 feet, and they are built of river stone and brick, 
the width of roadwgy is 12 feet, — immediately south of the Bridge 
on the left bank is an inlet for the drainage of the town of Raipoor; 
this inlet is connected to the Bridge by a line of Ghat built partly 
for the convenience of the town, and partly to protect the wing 
wall of the Bridge, and the slopes from injury arising from the 
wear and tear of a rapid which has established itself upon the tail 
of the Bridge. The slopes and earth covering the wing wall on 
the right bank are much out of order, and will not be protected 
properly until a Ghat similar to that on the opposite side is con- 
structed ; an inlet drain on this side also will be an improvement ; 
the rapid on the flooring of the Raipoor Bridge is a severe one, but 
as the bed of the Canal consists of boulders, I apprehend no dan- 
ger to the work, if properly watched and looked after— south of 
the Bridge and^cattle Ghat, which is not far off, there is much cut- 
ting on the left bank, at the junction of the Raipoor Nulla, at which 
point the Canal makes a turn to the right, and the stream necessarily 
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makes a set upon this bank. From thence the Canal takes to thh 
old course of the Kaipoor Nulla for about two miles as shewn 
below. 



A survey of the ground durin^f the time that the operations were 
in progress showed, that immediately opposite to the townofRai- 
poor, an extensive tract of low raviny land extended, approaching 
to within a short distance of the Raipoor Nulla, and terminating in 
the Boodhi Jumna, — this ravine was taken possession of by Col, 
Sinitli by a cut made from the Canal, on which was constructed an 
outlet of escape which bears the name of the Raipoor outlet, at- 
tached to which is a 2nd class Choki, a thatched circular room of 
20 feet diameter. The retrogression of levels upon the Raipoor 
Bridge, and consequent lowering of the level of the Canal bed, 
made it necessary, shortly after the Canal was opened, to depress 
tlie ^floorings ,of this work 4 feet* and to clear out the channel to 

• Since that period a still further retrogression has taken place, the surface of 
the Canal water is on a level with the platform, and it is only in floods that this 
escape is available; the floorings might be lowered with advantage another 4 feet, 
but in tlys case the tail must be weii protected as an alteration of this sort will 
leave only 4 feet in depth of foundation remaining. 

D 2 
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the same depth. The outlet is situated at a short distance from 
the Canal stream, and from its beinj^ covered in a measure by the 
shoulder a:, is liable to be silted up to a certain degree, it is abso- 
lutely necessary that this mouth, which is bell shaped and capa- 
cious, should be annually cleared out and freed from grass and other 
impediments to* the free escape of the water — the same remark 
applies to the whole course of the channel of the escape nulla after 
it has left the masonry work — this consists of three openings 6 feet 
wide each, the height to the crown of the arch being 10 feet 10 
inches — the foundations are massive and built in curtain walls 8 
feet deep — the whole is built of the best brick masonry, with ce- 
ment made of stone lime and soorkhi. The roadway is 12| feet 
W'idc, running parallel to the aqueduct of the Allumpoor water- 
course which occupies a width of feet— the water channel is IJ 
feet at bottom, Sj feet at top and *2 feet deep — the uses to which 
this aqueduct has been applied have been before explained — the 
W'ater-course at this point is 12 feet 4 inches above the platform of 
the escape. The course of the Haipoor Nulla occupied by the 
Canal has been cleared out considerably by the current acting on 
a rapid slope, and its sides have also suttered. Shingle and bould- 
ers occur to a point as far south as the Allumpoor Ghat, {vide 
diagram 3,) after which the bod consists of sand, more or less 
mixed with clay. The next masonry work is the Allumpoor out- 
let, situated at the departure of the Raipoor Nulla, this has two 
openings or sluices of 6 feet wide each, built on solid foundations, 
with curtains sunk to a depth of 1 2 feet, the platforms are of ma- 
sonry, and the tail, which is semi-circular, is covered by a deep 
foundation wall sunk to the same depth as those of the body of 
the work, the whole is protected by piling — this work is built of 
brick masonry. The nulla requires a good deal of clearing out to 
render it efficient as an escape. This outlet is inconveniently 
situated and At a distance from the Choki posts at Raipoor and 
Gundewur, its supervision therefore, has been somewhat beglect- 
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eJ — the masonry outlet is in good order, hut the wood-work re- 
quires renewal — the channel of outlet, however, has beenchoked 
up both with silt and jungle, and requires a radical repair and 
clearance; this ought to be done as early as possible. No em- 
bankments were ever formedon the left bank of the Kaipoor Nulla, 
which at the time of the nulla being cleared out for Canal pur- 
poses, ran through a dense forest, the drainage of the country on 
this side, therefore, enters the Canal through natural hollows 
and ravines — on the right bank, along which the Canal road has 
been formed, the drainage has been confined to certain points of 
inlet over which trunks of trees, &c., have been thrown so as to 
form a roadway and keep up the line of communication ; it would 
be an improvement were masonry drains built at these places 
tliey might be built on the plan of the Nyasimr inlet, which con- 
sists of an horizontal main channel, connected with a well or 
cylinder (constructed in rear of the roadway,) into which the 
water falls, and passes oft' to the Canal through the main channel ; 
works of this sort would prevent the obstruction to wheeled car- 
riages, which occasionally occurs during the rains, by the breaking 
down of the present wooden passages. 

Gundewur Chohi, Bridge, Inlet and Outlet. 

32. Between the Raipoor Nulla and the Nogong Rao, the only 
masonry works that exist are the Gundcw’ur Bridge and the inlet 
and outlet connected with it. This Briilge is similar in every res- 
pect to that at Raipoor ; adjoining and connected to the Bridge by 
a curved revetment on the right bank is an outlet of escape, con- 
sisting of two openings of 0 feet wide each, between which is a 2 
feet opening for the purpose of irrigation ; on the left bank and 
uniformly situated is an inlet acting as a ‘ Gao Ghat,’ or place for 
cattle to obtain water for drinking. A 2nd claSs Choki, of the 
same description as that at Raipoor, is situated close to these works. 
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The style of foundation is the same as before, with counter-arches 
and curtain walls, the latter being sunk to a depth of 9 feet, the 
wliole is built of brick masonry. At present there is a very heavy 
rapid on this Bridge arising from circumstances wliich 1 slnll liere- 
after explain when summing up the history of the Belka r.nd 
Nogong works ; at present the tail of the Bridge is protected by 
rafters of timber, piling, hurdle and frame box-work filled with 
boulders, it merely requires careful looking after for the present 
and should the contingency of the rapid acting dangerously upon 
the curtain wall of the Bridge occur, the Canal w'ater must be 
turned round tlie Bridge through a cut which has been already 
prepared for that purpose — the whole of these buildings are sound 
and in good order. Owing to the retrogression of levels in the 
Canal bed, which lias taken place in the line between Gundewur 
and the Nogong river, the transverse section of the Canal has been 
greatly disfigured, a portion of the right or roadway bank has been 
destroyed'-and it lias been necessary to make a new line of road 
in the rear of the boundary ditch. 

33. Between Gundewmr and the Nogong Dam the drainage of 
the Jatonwala Rao is crossed. At the time that the Canal w'as ex- 
cavated there was no mark whatever of any river across the Canal 
alignement — this Jatonwala Rao was in fact similar to those that I 
have described in the Cth para, of my 1st report on the Ganges 
Canal — the defined bed of the river terminated north of the village 
ofUmbita, at a distance of about 5000 feet north of the Canal, 
after which the flood water swept over the country ; for many 
years after the Canal was opened the floods of this river used 
during the rains to pass directly across the line of Canal, payipg 
no regard to the embankments, and doing no further injury than 
that arising from an annual fracture to the roadway or right bank ; 
an opening was left on the opposite bank for the admission of the 
water, the depth of section in the earth being capable of holding 
the full Canal supply without any fear of inundation. 
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^ogong Dam, 

34. The Nogon^ Dam is a work constnjctefl across the bed of 
otie of the rivers which drains a considerable tract of country ; its 
head is chiefly supplied from two of the passes in the v'^iwalik 
mountains, situated about 7 miles north of the Canal works — the 
bed is jierfectly dry, excepting during floods in the rainy months, 
and at the point where the Dam is built the fall per mile is 1 1 or 
1 I J feet. When the original Dam was built in 1828-29, water was 
found at a depth of 29 feet from tlie bed of the river, kucha or 
temporary wells gave but a limited supply of water, and tliat used 
for the works was chiefly brought from Behut, a town situated 
about one mile off — the section of the soil, as exhibited by the shafts 
sunk for wells near the Dam, shewed a succession of strata of sand 
and clay, the latter being in beds of considerable tliickness at some 
points — a depth of foundations, ecpial to 12 or 13 feet, however, 
was considered sullici('ut, tlie system of curtain walls to the front 
and rear was adapted to the body of the building, and to secure the 
work still further, aprons were built both in front and rear of the 
sluic(;s, the former 1 0 and the latter 20 feet in width, with foundations 
of an ecpial depth with the body of the building — the form of Dam 
was as before described for the same sort of building at Nyashur, 
adapted to 24 sluices of 7 feet wide each, the eiglu centre ones 
having gates of 4 feet in depth, and the side ones sleepers— the sills 
of the centre gates were 2 feet, and that of the side sluices or half 
overfalls, 4 feet above the bed of the river— the flank overfalls 
were placed so as to meet a flood of 9 feet m height. On the left 
flank tlie body of the Dam was connected to the high bank on the 
main line by a revetment 250 feet in length, with foundations laid 
in to the same depth as the rest of the work, the front being protected 
by a line of piles driven at a distance of 10 feet from the footoftlie 
revetment with the intermediate space filled with heavy material— 
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the back was covered by an earthen embankment of ‘20 feet in width. 
1 he tail of the body of the Dam was also protected by piling. 

35. From the rains of 1830 to those of 1834 a constant suc- 
cession of retrogression of level upon the masonry tail of this work 
took place ; in the rains of the latter year, a portion of the tail apron 
fell, and a new tail was constructed partly of masonry and partly 
of timber and boulders flanked by hurdles and fascines; this work 
cost about 2800 liupees— it was formed on a slope so as to meet 
the depressed level which the bed of the river had assumed at 
and south of the tail of the Dam — at the commencement of the 
rains of 1841 the total width of the box with tail on its transverse 
section was 80 feet, year after year extensions had been made, and, 
as it was hoped, addition given to its stabilty ; early in the rains of 
1841 however, during the time that I was residing at Nyashur, a 
very heavy flood came down the Nogong river, the water in its pas- 
sage over this fearful rapid of box- work (the bed of the river south 
of the tail being at this time 2 1 feet below the sill of the Dam,) turned 
the piling and hurdle-work on the left flank, carried away that por- 
tion of the tail in its immediate proximity, and was only checked 
by the masonry platform, over which it fell in a cascade of at least 
15 feet in perpendiftilar height. The foundations of the Dam, it will 
be recollected, were only 12 or 13 feet deep : in this state of things, 
therefore, the water on the upper side had a natural tendency to get 
underneath the body of the Dam, and blow up the work, the injury 
was of such magnitude that neither time nor material were available 
for doing anything further than a moderate repair, and the only pros- 
pect that appeared of preventing irreparable injury, was by passing 
off flood water down the Canal, and, if possible, putting the Dam 
out of use for the rest of the season ; fortunately, the floods that came 
down the river duriiig the rest of the rains were so small, that they 
were all passed olF down the Canal ; had this not been the case, and 
had floods similar to the former occurred, the accident which after- 
wards happened to this Dam would most assuredly have been 
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anticipated. It was evident that no wood-work platform, or slope 
was capable of withstanding so great a rush of water as we had at 
this period to contend with ; in the proposed repair, tlierefore, in 
addition to a modification of the sluice openinfrs, by vvliich a 
more capacious escape was effected, I proposed that a massive 
masonry talus or slope, with its foot resting in ^ curtain wall, (10 
feet deep, with a width on its traiK^verse section of 20 feet, a mass 
of njasonry which it was supposed would preclude all chance of 
failure,) and with its flanks protected by revetments, piling, &c., 
should be constructed, the estimate to the amount of 18,000 Rupees 
was passed by the Government The collection of river stone, lime, 
and inore especially the manufacture of bricks for soorkhi, prevented 
the work from being commenced until the December following ; 
there were great difficulties tocontend against iu sinking foundations 
in the immednte proximity of water running 31 feet above the 
lowest part of the work, but we had 5 J months to carry on our 
operations in, previously to the floods that might be expected in 
the middle of June. The charge of the work was entrusted to 
the assistant superintendent who retained it until it March, 
when fever and illness temporarily deptived me of the value of his 
services ; the only European at my disposal Sub-Conductor 
Pigott, the overseer of tlie nortliern division ; he was at that time 
building the Dam at Eyzabad, superintending the bunds on the 
Muskurra, at the other extremity of his division, besides the usual 
routine duties, and to these now were to be added the works 
at the Nogong Dam. I had visited these works a short time 
before the floods miglit be expected, and although it was 
impossible that the cement could be sufliciently indurated, I saw 
no fear of the work not being ready to receive floods, unless they 
visited us earlier than usual. At this time Mr. Pigott was very 
seriously ill, but able to go about in his palankin — it was proposed 
that to give the works as much time for induratmo as possible, 
floods Should be passed off down the Canal in the same way as was 
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managed with such success the previous year, should the season 
commence moderately. On the 23d of June 1842, however, a most 
unusually heavy fall of rain, confined as it appeared to the upper 
part of the Doab, led to the whole of the rivers connected with the 
Jumna, as well as those in the neighbourhood of Meerut, being 
flooded to an enormous extent — the coffer dams built for the 
])rotection of the sluices at the .Nogong works, were either not or 
only partially removed ; the water swept over the works, and to 
all appearance carried the whole of the centre portion away, leaving 
the side revetments alone standing. This removal of an obstruction 
to the course of the current, led to an entire change in the bed of 
the river — the abrupt step formed at the tail of the Dam was obliter- 
ated, and the bed of the river had assumed one uniform slope, the 
deposit over the tail of the Dam being 10 or 12 feet in depth. The 
amount expended up to the period of this accident was 16,480-1 1-9, 
besides the material collected on the works. The loss however was 
not so great as w’as expected ; in clearing away the sand about 
one-tliiid of the lower part of the masonry talus was found unin- 
juied, with the wholeof the curtain foundations, and a portionofthe 
revetments. The state of the existing levels of the bed of the 
liver, ollercd grea^’acili ties for the construction of the foundations 
of a new Dam ; the surface of the bed was from 10 to 15 feet 
Ijelovv the true level of the sill of the Dam, and what was ot still 
greater consequence, a stratum of elay was laid bare on the wliole 
line upon which the foundations had to be built — the following 
(see oi) 2 Wsit€ jjage ) is the section which was adopted for the new 
masonry work. 

The Dam was proposed to be fitted with 12 sluices of 10 ^eet 
wide, each with stone piers 1{ feet in width, so as to offer as little 
uhsl ruction to the passage of water as possilile, the front founda- 
lions weie to be protected in the maimer above shew'n, by a line 
ol' 16 feet piles* with a solid apron connecting them with the body 
of the building — the talus was to be repaired and flank revetments 
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raised so as to 'admit of the passage of a flood 9 feet in depth — the 
body of the building was to consist of boulders laid in a cement of 
stone lime and soorkhi, faced externally with brick— the talus was 
also to have a pavement of the latter material. Lieutenant A. I). 
Turnbull, of the Engineers, at that time engaged on the Ganges 
Canal works, was called in to superint»"nd its construction ; mjich 
of the old revetment which had been shake n had to be removed, 
and, as is usually the case in the repair of an old w ork, the contin- 
gencies of extra expense w’ere unavoidable — this work was com- 
pleted before the rains of 1843, at an expense of 32,720 Rupees. 
The floods of 1842 having, as bcf<*re noticed, deposited a deep 
stratum of silt over the lower part of the Dam tail, as w( 11 as along 
the whole course of the river south, I projected a work at some 
distance from the tail under the name of, a retaining Dam, for 
the purpose of retaining the levels of the bed as they then were, 
and ])rotectiiig (he masonry Dam fiom retrogiession of levels — (he 
work in (piestion consisted of two parallel lines of 1(3 feet piles 
driven ^0 feet apart across the bed, of the river, the intermediate 
space being occupied by fiame boxes sunk into the bed to the depth 
of4 or 5 feet and filled with stone ; the whole was tied together by 
sleepers fastened by spike nails, and the platform was protected 
on each flank by a revetment limit of the same material ; the total 
cost of tins work w as 3,904 Rupees. The object of the retaining 
Dam was merely to ])ieventthc levels of the bed from retrogiading 
upon the masonry work, and thereby keep the evils arising there- 
from at a distance. Both in the rains of 1813, and those of I8l4> 
the retaining Dam has done its duty most efficiently, and, as far as 
I (ian at present judge, is likely to prove a most successful expe- 
dient. It is more than possible that had this plan of removiiiiJ the 
retrogression of levels to a distance from the main work been acted 
njion in the first instance, the original masonry works miglit have 
been in existence to this day ! It is a fact whiclf 1 can’t conceal 
from luyself, although the effect that the construction of these 
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masonry Dams was to have on the beds of rivers running on steep 
slopes, was neither anticipated by me, nor apparently by others. 

36. About 2 miles below the site of the Nogong Dam, a very 
serious rapid is at this time gradually working back in the bed of 
the river, it has for some years been fixed upon a stratum of a very 
compact clay, whiph resists its action to a degree, but it will not be 
many years before the establishment of other retaining Dams will 
be necessary — in the year 1836 the descent was about 6 feet in two 
furlongs — the stratum of clay being worn into scams by the at- 
trition of the current, which had formed deep bays or pools of wa- 
ter at its tail — the rapid has retrograded considerably since that 
period, but is still on clay ; Lieut. Baird Smith, the Executive En- 
gineer in charge of the works, notes annually the position of this 
rapid and its rate of retrogression. 

37. The steps of descent from the flanks of the Nogong Dam 
to the pier heads and flooring have slightly separated from the 
body of the building — the separation is a deformity in appearance 
only, and arises from the step ibundations not having been laid in 
to the depth of those of the rest of the work — settlement of this 
sort I have generally found to continue for a number of years, 
but it ultimately ceases. 

38. The revetment on the Choki side of the Dam, is that ori- 
ginally constructed : it is protected in front by a line of piling and 
river stone, the foundations however are neither so massive nor so 
deep as those of the new Dam, and as the Nogong river is inclined 
to make a set upon this revetment, it must be very carefully watch- 
ed, and the line of piling and protecting offered by the boulders 
rigidly maintained ; — this is the only part of this work which, is 
open to danger, and it may be perhaps hypercriticism to say even, 
that this is the case — stone piers were planned on the idea of 
relieving the waterway from obstruction by admitting of a more 
contracted dimension to the pier — those as the Nogong Darn consist 
of three large masses sunk perpendicularly with a stone cap 'acting 
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as the upper part of the pier ' iron rods let in to the upper and 
lower stones holding the upper slab in position tlius 
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Flooring or sill of Dam, 


Noffons Choki and Irrigation Gullet, 

39. The Choki at this Dam is 2nd class, of the same dimensions 
as those before described — on the right bank and close by the Choki 
is a masonry outlet for irrigation, which is well adapted as a head 
for all the country near the town and in the neighborhood of Behut. 

Belka Falls, 


40, At a distance of 2000 feet from the Nogong Dam, and be- 
tween that work and the head of the Beliut Khala, the Belka Falls 
are situated ; at the head of these Falls is a Bridge adapted to the 
purposes of a Kegulator, for coiilining the floods from the Jatonwala 
and Nogong rivers to the Nogong Dam Escape - the work was 
constructed in 1830-31 on the site of the old bridge referred to in 
para. 13 ; at that time it consisted of two chambers, one of 15 and 
the other of 20 feet wide; each chamber divided into two descents 
of 75 feet each ; that of 15 feet in width was projected for lockage, 
tbe^form of descent, in ogee curves — the total cost of the work was 
1 ],()93 Bupees. It was intended here, as in other cases where the 
original Falls were constructed, to add anotlier chamber of 15 feet 
when the increased demands for irrigation should require it. 

41. The foundations of the whole of the work Vere laid in in 
curtail? walls without any interference from spring water, those 
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under the bridge to a depth of 1.1 feet, with clay and boulders in 
front ; and tliose at the tail of 8 feet deep, the latter bein:r protect- 
ed in Iront, by a platform of stone confined by piling and sleepers. 

42. 1'here was an error in the design for these descents which 
was completely overlooked by me: it arose from my not taki. g 
into calculation the initial velocity at the head of the lower des- 
cents after the water had fallen 71 feet. I can best explain the 
result of this error in construction by a diagram. 

DIAGRAM 6. 


a 



The dotted line representing the form of the surface of the water. 
The water at a passed smoothly over the ogee, hiit on its arrival 
with a velocity due to a fall of 7i feet at the point />, it fell in a 
cascade independent entirely of the ogee curve. When the water 
was first admitted over the Palls there was a good de.il of hack water 
in tile lower chambers, winch relieved the Hoorings in a great mea- 
sure from the .action of such a body of water falling/ upon them. 
South of the Falls however, and between tliern and the Muskurra 
works, there was still a descent of 12 or 13 feet, on a line of about 
3 miles in length, somewhat tortuous certainly, but over a sandy 
bed. In August 1837, after we had done all in our power to op- 
pose the retrogression of levels upon the tail of these Falls — and at 
a time when it was considered that this had been done effectually, 
at least sufficiently so, until another set of Falls could be built 
south, the lower chambers sank, owing, in all probability, to the 
subsoil having been carried away by percolation, arising from the 
head water acting under the foundation upon soil not sufficiently 
protected by the tail foundation wall, which wall had been laid bare 
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by the retrogression of levels. Opportunity was taken of this acci- 
dent to build an additional 15 feet chamber parallel to the two which 
were formerly built, and in re-constructing the lower or second des- 
cent, to adopt the form of an inclined plane instead of the ogee, the 
slope of the inclined plane being 1 in 6 feet, the tail work, which at 
• this period had a length of 100 feet in transverse section, was also 
greatly improved and strengthened. This work, from first to last, 
was built by Mr. Sub-Conductor Pigott. The alterations and re- 
pairs above described cost 16,781 Rupees. 

43. It was found convenient shortly after the Falls were con- 
structed in \ 830-3 1 , to build a M ill for grinding corn for the inhabi- 
tants of Behut and its neighbourhood, and the best and most econ- 
omical position for the said Mill was in the rear and attached to the 
revetment of the upper descent, — there was a choice of evils in this 
arrangement, as, were the Mill built on the lock chamber, lockage 
would prevent the Mill from working; were it built on the larger 
or 20 feet chamber, the construction of a third chamber of 15 feet 
in correspondence with that on the opposite side, would necessitate 
the removal and pulling down of the Mill. The prospect of the 
Doab Canal being locked was remote, that of the construction of 
the additional chamber was more immediately certain, — at any rate, 
the Mill if built on the lock chamber, could work until the time 
for lockage arrived ; and when this did take place the building could 
be turned into a Choki or store-room, and a Mill corresponding in 
form and elevation might be constructed on the revetment of the 
opposite 15 feet chamber. The plan which has been adopted 
has not only saved the building, but led to an uninterupted in- 
corrte from mill rent up to this period* As the time however for 
lockage has now arrived, I should recommend that no time be lost 
in adopting the plan before referred to, of constructing another 
building for the purposes of a Mill on the opposite flank, and con- 
verting the old Mill into a Choki, or store room, by completing the 
sluice arrangement for filling the Lock chamber, taking posession of 
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flic inlet and outlet of the Mill for that purpose, and by makinfr a 
door to the room on the same level as the plinth of tlie bmldinf^. 

44. At the Belka Falls, the tail platfrom and piling ought to 
bo carefully inspected whet, ever the Canal is laid dry, — the mason- 
ry I believe to be unexceptionable, it consists of brick and stone lime 
and soorkhi cement, the floorings of the lower chanilter arc strength- 
ened with river boulders : the floods of 1844 did no injury to this 
work. 

4.'). The transverse section of the Canal bed south of the Belka 
Falls, which in 1829 consisted of an excavated channel about 4 feet 
deep, of tbe usual trapezoidal form, was, at the period when the 
Falls were completed a ravine about 25 feet deep and 100 in 
width, — the cutting that had led to this ravine Inought to light 
some singular antiquities, amongst these was the site of an old town, 
shewn by a stratum of black soil and chiy filled with pieces of 
broken pottery and boms, the section was appari nt for a distanci' of 
some thousands of feet along the line oftlic Canal, witli a superstra- 
tum of soil of 17 feet in depth above it, bricks andtlie remains of 
old walls were here and there exhibited; numerous coins, entirely 
Hindoo, of a new type of the Indo-Scythic period, were collected, — 
arrow heads, rings, rolls of metal, iron slag, &:c. ivc. were dis- 
covered, an account ofthis Indian Herculaneum will be found in tlio 
Journal of the Asiatic Society with remarks upon and drawings of 
the coins by my most lamented and talented friend James Prinsep. 
A masonry well was also laid bare al a point south ol these old ruins, 
and on clearing it out, the horns and bones of deer were exhumated. 

Jic/iut Falls, 

4G. Subsequently to 1837, the fall which existed between the 
tall of the Belka Falls and the Muskurra Dam has been disposed 
of, by the corrstruction of an intermediate set of Falls on the higii 
land between the town of Behut and Ullooni, this work has be(n 
denominated “ the Behut Falls,” it consists of three chambers siim- 
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lar in width to those at Belka, with a fall of 8 feet over an ogee 
curve, the right chamber planned for lockage — at the head of these 
Falls is a bridge of three 20 feet spans, the side ones providing 
a towing path of 5 feet in width. This work was built by Mr. 
Pigott and completed in March 1841, at an expense far exceeding 
the estimate, arising in a great measure from tjie difficulties ex- 
perienced in laying in the foundation, from the nature of the 
soil which was filled with springs up to the siiiface. 

47. The foundations of this work consist of wells or cylinders 
C) feet in diameter, those of the chamber revetments being sunk to a 
deptli of 10 feet below the surface, those of the bridge to a greater 
depth, generally speaking, 13 or 13.} feet — those wells which ar» 
underneath the central portion of the work are placed 4 feet apart 
and connected by piles and rubble work arched over ; the front 
foundation or the line under the sill or wast(‘board of the bridge 
consists of 0 feet wells placed c/o.se ; the tail foundations 

have a similar arrangement, the cylinders at this point however are 
8 feet in diameter -tlie wells when sunk to their full depth, are 
filled with masses of stone or kmikur ivithout cement, it Insrig in- 
tended that in the event of an eddy causing excavation at the curb 
or nerncliuk, tlie heavy material in the cylinder might by subsiding 
or sinking down, fill up the space so excavated and give additional 
strength to the superstructure — the tail is protected by piling and 
box work covered with sleep'^-rs. The following is the ])lan of laying 
lu the foundations with wells, in soil with spring water on the surface 

DIAGRAM 7. 



a <t a a wells sunk 10 feet deep. • 

Hues of 3} feet piles — a length adopted from the common 



44 


DOAB CANAL. 


imall rafter which is procurable in abundance, being 1 1 feet in 
length, these are sawn in two pieces. 

After the piles are driven close together to a de[)th of 5^ feet, 
the soil at x is taken out as deeplv as possible without disarranging 
the piles, this space is then filled wiili beton, or concrete well 
beaten down. The wells are then covered in by a dome of brick 
masonry, and an arch is thrown from one well to the other : the 
wells I have before explained having been previously filled with 
river stone, kunkur, or masses of overburned brick from the kilns. 

48. The Behut Falls are well and massively built, and 1 be- 
lieve that the work is sound in every respect — during the rains 
of 1844, a flood rose up to the cordon of the upper front, about 2 
feet above the crown of the arch, witliout any accident arising 
therefrom, I shall recur to this hereafter ; the tail platform of 
this as well as that of all works of this de^cn))tion must be (‘x- 
amined, and if necessary repaired whenever ojiportunity offers. 
This work cost 22,880 Rupees — a 2nd class Thoki is reijuired at 
this work for the lockage establishment. 

49, I'lic Canal after passing tlie Beliut balls runs for a dis- 
tance of about 4000 f(Tt down the course of the Belmt Khala, it 
then enters the bed of the Muskurra river, down whicli it runs for 
another 4000 feet or thereabouts, until it reaches the nuisomy 
Dam near Kulsea, 


Muskurra River, 

50. It becomes necessary at this point of my narrative, and 
before a description of the Dam is entered into — to describe. the 
Muskurra river itself; lor this purpose 1 must refer to the accom- 
jianying plan. 

51. The Muskurra river rises directly in the Kalowala pass 
of the Sewalik^ Hills, at a distance of 13 miles north-east from the 
Dam at Kulsea ; inJtB course it is fed by three other rivets also 





DOAB CANAL. 


45 


rising in the Sewalik Hills, viz. the Kulkur, Jytpoor, and Sunsnr- 
ra raos, each of them carrying a large body of water durmg the 
rains. I have before stated that at other periods of the year the 
beds of the mountain torrents connected with the Doab Canal 
Works (amongst which these are the most formidable) are dry, 
sandy, and of great declivity. 

52. Had nature in laying down the alignement of the Muskur- 
ra river in its present course, intended it as a bar to the construc- 
tion of the Doab Canal ; had she persisted in maintaining that 
course and that course only, and left the Engineer to dictate the 
position and direction of the drainage on its left or southern bank, 
the Engineer would, to suit his own views, liave placed the heads 
of the Hindun in the situation which nature has actually assigned 
to them. The Dumola, Nugadeo, and Chycha nullas, which ulti- 
mately fall into the Hindun, it will be observed, have their heads 
within a short distance of the line of the Muskurra river, the 
Nugadeo especially, whose head commencing in a wide bed, ap- 
proaches so marvellously near to it that looking at the bearing of 
its course as connected with that of the Muskurra, it is diflicult to 
avoid the belief that the course of the Nugadeo has at some time 
or other been that of the Muskurra. 

53rf Lieut. Debude in his project for opening the Doab Canal 
saw at once the advantage to be attained by taking possession of 
these heads of the Hindun, and by connecting them w’ith the Mus- 
kurra (immediately south ofthe feeders before alluded to), either get 
rid of the Muskurra as an impediment to the course of this Canal, 
or reduce its volume to such an extent as to render it innocuous. 

54. Plans of rivers however require sections to make them 
intelligible ! Whenever any peculiar lining out of a river is obser- 
vable on a map it may be certain (siqiposing that map is to be de- 
pended upon,) that there is something in the levels of the country 
or in the topographical features which the map does not or cannot 
e.xhibit, which has led to the peculiarity. The natural course of 
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the Muskurra appears to be in a direction where the greatest fall 
exists, and therefore although we may by artificial means and by 
dividing the volume of water dispose of it by cuts made into the 
Hindun — its natural tendency is and always (in the present state 
of the earth’s surface) will be, to keep to its present chan- 
nel. 

55. Nos. 1, 2 and 3, or the Kalowala, Dowlakooa and Ullooni 
cuts were made previously to my joining the works — tlie width 
of excavation was 30 or 40 feet. My initiation in the department 
commenced on these works, having been detached in the month of 
May 1825, to superintend the clearing out of their mouths and 
channels, and in establishing spurs so as to give the floods an in- 
clination towards them — at this time tlie cuts, although exhibiting 
evident signs of being natural excavations were much increased in 
size ; Col. Smitli’s object appears to have been (after having dug 
the original cuts) to have merely given an annual clearance, with 
an annual extension of the spur or bund, so as to let the river 
itself clear out its own passage by degrees — this arrangement was 
attended with the greatest success, and in the year 1830, the cuts 
having been again cleared out, the bunds were established directly 
across the bed of the river at Nos. 2 and 3, and about half across 
that at the Kalowala, No. 1. 1 

50. The Kalowala and Dowlakooa works, which are construct- 
ed at points where the bed of the river consists of boulders, had 
always done their duty efficiently, the cuts had been getting 
gradually deeper as well as wider, and the set of the stream, 
especially at the latter point, was decidedly towards the 
mouth of the Nugadeo — the position of the Kalowala cut, al- 
though the only one that could have been properly adopted, was 
awkward ; a spur of the mountains gave the current a natural 
direction towards the true line of the Muskurra, and the slope 
of the bed vvaS so excessive that all common varieties of bund 
failed — the results were, however, satisfactory. 
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Ullooni Cut and Bund, No. 3. 

57. At the Ullooni Cut matters were altogether different — the 
river here consisted of a wide shallow bed of pure sand, and the 
cut \>hich was excavated through the same species of soil was on 
a small slope, the annual cl(‘ar:-nce was expensive, and the bund 
or spur which was made of sand, covered with thatch and protected 
by hurdles and fascines was anmially swept away, without a vestige 
of it remaining. I have before remarked that in 1830 the bund 
at this point, which had previously been only carried partly, was 
carried right across the bed of the rive**, the consenuences were 
nearly fatal to the masonry Dam at Kidsea ; after sustaining a 
heavy flood until the water rose 10 feet, at which time the bund 
gave way, the collected water passed on in a wave to the Kulsea 
Dam ; the flood which during the time that the bund lasted ))assed 
down the cut into the Dumola river, did much damage — the village 
of Gharma, situated on a loop of its course was nearly swept away, 
and it was evident that supposing that the Ullooni Cut could be 
maintained, the capacity of channel of the Dumola was unable to 
retain the water that it would be liable to in floods — this discovery, 
with the general inefliciency and expense of No. 3, or the Ullooni 
Cut, led to its abandonment in 1831. 

Kalowala Bund and Cut, No. 1. 

58. The Kalowala work has been maintained up to the pre- 
sent time with the greatest care, and in defiance of the position of 
the cut, there is every tendency to the object being perfectly ob- 
tained ; in 1836-37 the bund at this place was much strengthened, 
and re-constructed in that part where strength w'as particularly 
required, of frame boxes loaded with stone : the course of the river 
at the foot of the hill was deepened, and other improvements ne- 
cessary to the change of the course of the river undertaken — at 
this time, the cut which was originally dug 30 or 40 feet wide, is 
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a huge river of at least 500 feet ia widtli — a large mango grove 
aiul Hindoo building winch existed on my first visit in 1825 are 
gone, and their former site is now the middle of the bed of the cut : 
the following diagram will explain matters : 



The bund is built of boxes ])laced in eclicllon in double line 
at a rt which is the deepest part of the river, and open to the full 
action of the torrent; it has sullered considerably since 1857, but 
it has so far done its duty that the course of the Muskurra below 
is now, and has been for some yi'ars covered with jungle and high 
grass; during the severe floods of 1812, it was only slightly in- 
jured, in 1841 more severely, and the centre portion at rt rt will 
require heavy rejiairs ; at x x x the action of the current is great, 
but having reached this jioint, the water has escapi'd from the 
slope of the Muskurra, and fallen fairly upon tln^t of the llindun. 

51). 'fhe main objects here are, 1st, to strengthen the bund at 
a a and do every tiling possible to maintain that part efibetively ; 
2ndly, to use every endeavour to secure the hund so as to pass 
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water ott’ l)elow the shoulder A, after which the slope of the Miis- 
ktirra is passed ; ;lrdly, in making' the hiiiul, the material is to be 
taken from 1 / ?/ y, so as to give the stream an inclination away 
tioin the woiks. 


Dowldkooa Band and Cat^ No. 2. 

(>(). 'I'lu' Dowlakooa work, the situation of which I have before 
described as being so favorable, has been by tar tlic most success^ 
fill of otir Miuknrr.i operations ; tin* hand which is constructed of 
shingle, faced by f.iscines, tvc., has for many years remained unin- 
jina'd, althou'^h slightly fractured in 18 t4, — below this bund the 
bed of the Miiskiirra river is now covered with grass and jungle, 
M) much so, tliat ill 18U wlu'u pissing fiom Jytpoor to Ullooni, 
the bed of the river was not recogni/able ; the fractures of 1841 
ha VI' been rep.iiied and the integrify of the work has not been in- 
ti'rfered with — the cut aKo is much enlarged and the tendency of 
tin* current is diiectly upon its month. 

ni. It IS desiiahle that the stream should be kept at a distance 
from tin* buml, to which it naturally runs parallel ; for this pur- 
j)ose a cut was made some years ago, which, if successful, would 
keep the stream coiisiderahli* away from tin* bund. I have ahvays 
emleavoiired to establish a long talus or slope in front of this bund, 
by aiiniially la} mg down long fascines made of grass, which are 
picketted and covered with stone, these fascines during the year 
rot, and give root to vegetation, grass, brambles, &c., which I 
consider to be of great use in adding strength and permanence to 
the blind. Trees of a large description are, 1 think, to be avoided, 
they are liable to be blown down during heavy winds, in which case 
the work snifers. Tlie Dowlakooa bund appears to withstand the 
additional water that is supplied to the river by fractures at the upper 
or Kalovvala works. I look upon the w’orks at* Dowlakooa, as 
the safeguard of those at Kiilsca, and I am sanguine m the belief, 
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that ^vith a small annual expenditure, we shall by their mean:’, get 
ritl of the floods from the Kalowala pass anil the Kulkur rao. 

JJ'or/cs at Kulsea. 

02. The works at Kulsea consist of the masonry Dam over 
the Muskiirra riv^r, a Regulating bridge, and 1st class Choki, with 
workshops, to which is attached a model-room, forge, &:c., sissoo 
and toon plantations are also attached to this post. 

Muskurra Dam. 

63. The Muskurra Dam, although it has escaped the consum- 
mation of all injuries in being washed away, has nevertheless 
siitfered much, and undergone numerous changes since it was or- 
ginally designed. At the point where the dam is built, the slope 
of the bed of the river is about 9} ft^et per mile. At the time of 
construction spring w'ater was at the surface, and it was necessary 
to use Wells for the foundations ; fhe plan of these foundations 
was three parallel lines of wells, the front and rear being sunk to 
a depth of 12 and the centre to 6 feet deep, the wells in the front 
and rear wete placed G or 8 feet apart, the spcice between being 
occupied by a masortry box urtdersUnk to a depth of G feet — lines 
of 10 feet piling were driven at a distance of 10 feet from the 
body of the Dam to the front and rear, and the intermediate spaces 
were filled with broken brick, clay and refuse material. 

04. This Dam was completed previously to the floods of 1829, 
it consisted of eighteen openings, the six centre ones being fitted 
with gates, and the side Ones being half overfalls with sleeper 
planks, the sill levels were as before described at the Boodhee 
Jumna Dam ; these eighteen sluices were flanked by a masonry 
wall, connected with revetments extending to the right and left 

bank ; the floods of July 1829, furced a breach 

Floods of 1829- . , , . , , ^ 

through this Woi'k, cai'rying away a length of 

about 200 feet including six overfalls and Upw ards of 150 feet of 
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the eastern revetment. The extent to which the Hoods of this 
river were in the habit of extending were evidently not understood 
even at this period, as although the Dam which had been so seri- 
ously injured was considerably larger than the one originally de- 
signed, it was evidently incapable of sustaining even a moderate 
flood. It being necessary tlierefore to extend .the waterway, ad- 
ditional sluices were built, and the Dam previously to the rains of 
1831, consisted of thirty openings of 7 feet each, the ten centre 
ones having gates and the side ones sleepers as before ; in addition 
to this improvement however, Hank overfalls of masonry w^re 
constructed so that a body of 9 feet in depth of water might pass 
over the Dam without overtopping the revetments — another line 
of 16 feet piling was driven at tlie tail parallel and at 10 feet dis- 
tance from the former one, but the use or necessity of stronger 
material was not at that time tliought of — the 
1 loods of Ang. 1831. August 1831, turned the west revet- 

ment and in carrying away the bank that connected the Dam with 
the side of the river, swept away that revetment with a portion of 
the overfills on tliat flank — no further accident took place during 
1831. 'riie repairs consisted of removing tfie six flank overfalls 
which had been injured, and constructing a large opening of 85 feet 
in width, with a massive abutment on the west flank, the abutment 
w as so arranged that if it were turned, and die bank to which it 
was connected carried away, the abutment would act as a cut- 
water, thus : — 

DIAOIIA.M S>. 


this abutment was well protected— the piling throughout, strength- 
ened and increased, river stone thrown in between the piles, and 

G 2 
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body of tlie biiildinj^ — the 20 feet platform in rear laid down with 
planks, and an additional line of piling driven in advance of ihe 
tail platform — the space between the body of the work, and the 
front line of pile? was partly at this period laid in with river stone 
and cement. At this time even there were symptoms of retrogres- 
sion of levels npoti the tail, but of no material consequence. 

Go. The lar^e openiiij^ was planned under the idea that an 
earthen bund, if constructed on a wide space of this sort, and 
built to a height equal to moderate floods, w'ould act as an instant 
relief in case of heavy freshes — it was proposed therefore to raise 
the bund to a height of 6 feet or equal to that ol the piers, so that 
when the water rose above this height the bund should be carried 
away, and a full relief given by this large opening. This acted 
^ery well, and the Dam did not suffer again until the rains of 
1835. After the rains of 1834, the Dam tail was considerably 
exposed by the retrogression of levels : at that time the section 
of the tail was thus — 


ni A Gil AM 10. 



GG. In .lime 183,), the whole of tlie wooden platform opposite 

the eighteen centre sluices, together w ith the body of the Dam in 

lean of the ten centre ones, was carried awav ; 
1 looiL of June 1835 . t 

the work was shaken to a sm.all distance oh 

tlie right and left, but the alignenient af the front of the Dam 

was neither broken nor in any way disarranged. This happened 

during the first flood in the rains of 1835, the Dam was literally 

like a ship in the ocean without masts or rudder, the damage 
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done was irroparublc at the moment, and we could only by grass 
fascines and piling endeavour to protect \vbat was left of the 
work — it is a singular fact but a true one, that during the rest of 
tlie season many severe Hoods passed over the work in the ruin- 
ous state above described, but the water liaving secured a passage 
siidiciently free did no further injury, and put. us to no lurther 
inconvenience. 

67 . After the rains of 18.35, the Dam w'as restored as follows 
. — the six sluices of 7 feet wide each on the cast Hank were 
allowed to remain, and the rest of the plattonn between them 
and the large opening was divided into twelve sluices of 10 feet 
wide each with gates ; an additional large opening was built on 
tlic west Hank, and the whole platform of the Dam, in duding 
that formerly occupied by planking, was filled in to as great a 
deptli as the spring water would admit of, with river boulders 
and cement, the greater portion having a pavement of brick on 
edge, A A B in Diagrriin 10. From B to C in tlie same 
diagram, or on a line of 40 f(‘et in transverse section, frame-boxes 
filled with river stone, and tied together on their upper surface 
by sleepers, were formed in a slope of 6 feet, the whole being 
refained in [losition bylines of piles driven parallel to the body of 
the work, tlie whole of the apron in front or that between the 
liody of the Dam and the front line of piling was laid in with 
boulders and lime cement to a depth of about 0 feet. At the 
close of the repairs of 1835 tberelore, the water-way of this Dam, 

„ r I *t liesides the eastern flank overf.dl, consist- 

WatiT way of Imp Miis- 

kiirta Dam previously lo c(l of six half overfalls ot 7 feet— 'twelve 
Uik. raiiis of 1S3G. sluices of 10 feel and two large openings, 

one of 85 and the other of 64 feet in width ~I have before noted, 
tiiat the earthen bund in the 85, or No. 1 opening, was projected 
on a lieight ofO feet, equal to the top of the piers — lor the 61 feet 
opening, or No. 2, the bund was to be 7 feet }iigh,*so that Hoods 
rising above 7 feet should have additional relief when the earthen 
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bund was carried away. I had proposed a third opening of tlic 
same size as No. 2 — but the resnlts of the floods between 1835 
and the present time 1844-45, liave shewn that this was unaeces> 
sary. 

(18. In the floods of June 1842, that portion of the tail plati(>rni 
. which was opposite No. I opening, wa» 
much damaged, and although the main hotly 
of the Dam escaped fracture, the foundations were exposed on the 
lower side to a depth of 10 feet; some of the wells had fallen in, 
and on the flood clearing off, when wc were able to examine 
the work, the platform of the body of the Dam proved to be 
standing as it were on stilts, the intermediate soil being removed. 
Ever since the repair of 1835, the retrogression of levels upon 
the tail had l>een steadily advancing at an rate of about 1 foot a 
year, and in 1842 the diftercnce of level between the sill of the 
Dam and the bed of the river at the tail, was 13 feet — that is 
to say, 12 inches lower than the lowest part of the Dam founda* 
tions ; it was evident, therefore, that a process was going on by 
which the soil from between and perhaps from under the wells 
must necessarily be removed. The flood of 1842, iu fact, in di- 
recting its full powers upon the largo opening, made considerable 
efforts to get under the work : a deep hole w as found in front, 
and the apron in front of the opening was shattered, but the inten- 
tion of the current was best exhibited in an evident and marked 
depression or nulla, which extended some way up the course of 
the river, and which terminated on the Dam directly in front of 
the large opening, the tail of which had been so much injured. 
As this accident happened in the first floods of the season, and 
as the quantity of materials required for the repair was more 
than wc could possibly collect at the time — the Dam was placed 
in a similar position to what it was in 1835, and again, strange 
to say, although successive floods passed over tlie work, no 
further injury was done. The iiollows under the main body 
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(){' t'lo Divn were filled in with river boulders, the front apron 
uas .slri'ii^thened and repairtMl, and the tail was restored to its 
lormer state, frame-boxes having been used instead of loose 
‘jtone, a retaining Darn similar in every respect, but of larger 
dimensions to that on the Nogong river, was also built south 
of the masonry Dam in 1842-43. Between thi.s period and the 
rains of 1844, the front of this work had been still further pro- 
tected by removing all parts of the apron whic'h were shattered, 
and renewing them with masonry sunk to a greater depth ; addi- 
tional tailwork had also been established, and other means adopt- 
eil for imparting strength to the platforms. 

()9. The floods of 1844, which acted upon this Dam, were the 

collected volume of the Nogong and Muskiirra 
I’looils of J line 1811. , , 

rivers — after rising 7 feet in height, ami 

taking jiossession of No. 2 opening, (the first time that such 
an event hail ever occurred,) the water rose over and carried 
away the western embankment and turned the flank of the Dam, 
tiie force of the current having set in this direction. 

70. In para. 35, 1 have described tlie effect that the carrying 
away of llie Nogong Dam had upon the bed of the river, in re- 
storing its slope to one uniform level! precisely the same occurred 
at the 'Miiskurra ; on the event of the embankment giving way 
a deposit of 9 feet in depth was thrown up on the Dam tail, and 
tlie abrupt fall disposed of. The retaining Datn flooring was also 
covered witli a deposit of G feet in depth. 

71. The masonry Dam suffered in a trifling degree, the west- 
ern abutment of No. 2 opening, with a portion of its flooring 
and front apron, had settled, the former slightly, but the latter 
was much disarranged ; a portion of the tail platform was also 
broken and this was the most expensive part of the repair. It 
was considered sufficient to restore the Dam to the state in which 
it was before the flood, and to re-construct the embankment with- 
out any further increase to the water-way. 
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Kulsca Regulating Bridge, 

72. Tlu‘ Ile^ulating Bridge has tlirce spanks, a centre one of 
20 feet and two side ones of 1.) feet each, it is fitted with gates 
and 8lee}>ers — its foundations consist of two jiaralled lines of 
wells 6 feet in diameter, one acting as a front and the other as a 
rear curtain, botli pi(‘rs ami abutments are also founded on wells 
— the soil upon which they rest is a fat blue clay, at a depth of 
8 feet from the bed of the Canal ; tliis work requires no remark, 
it is sound and good, built of brick masonry throughout, “ and 
situated at a point 494 fu tfiom the Dam. 

73. The Choki, 1st class, is similar to that at Nyashur, with 
exception to the outer rooms, which arc not so high it is built 
of brick and mud, and is situated on a raised earthen platform 
overlooking the Dam and the river, witli an open space to the east 
surrounded by tl)6 plantations. 'Phe worksliops contain a carpen- 
ter’s shop — forgo — charcoal-rooms and godovvn, and a room with 
glass windows, in which, <lnring my Executive charge, the models 
were kept. A well for drinking water is attached to these shops. 

Kulsca Plantations. 

74. The plantations which were established in 1829-30, arc 
more advanced than those at Nyashur, although commenced at the 
same period, and the whole space is occupied by trees. 'Poon and 
sissoo are the chief varieties, !)ut the teak, bamboo, casuarina and 
the pimis longifolia (a Hr wbicb grows in abundance in tlieSewudik 
hills) have been also scattered about in places immediately under 
observation, as much for ornament as for use. These plantations 
cover an area of 51 beegahs 6 biswas. 

€ 

• Tb» «itnne slips collertod at tlio »;pot for fixinjj in the grooves, ns referred to 
under the paragraph on the Nyasiiur Uegu ator. 
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Remarks on the line from Gundewur to the Kulsea Choki. 

75. Previously to commencing the Srd section of this paper, I 
must go back to the Gundewur bridge, and describe my views as 
to the future management of the rivers which interfere witli the 
line of the Canal between that work ar.d the Kulsea Regulating 
•Bridge. During the construction of the Belka hud Behiit Falls, 
cuts were made round those works, to admit of the flow of water 
in the Canal for the purposes of irrigation. Tlic following dia- 
gram is explanatory of the course of these cuts, as well as of the 
different rivers to which I liave before alluded— 



The difference of level between the bed of the Nogong river 
and that of the Dam on the Muskurra, is 27 feot, the distance 
being 3 miles — at the time when the Belka works were under 
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construction, the whole of the Canal water was put through the cut 
E, which was (under the certainty of a natural wear) excavated on a 
transverse section of only 12+8, this cut was used on three differ- 
ent occasions, twice during the construction of the Belka Falls and 
once when the present Nogong Dam was building — as was expected 
with so much fall, the retrogression of level and wearing away of 
bed was enormous, the Belka cut very soon assumed the form of 
an enormous ravine — the Canal bed was increased in depth all 
the way back to the Gundewur bridge, which w'ork, although it 
now has a heavy rapid upon it, was when the cut was in operation, 
only saved by the establishment of massive weirs laid across the 
bed of the Canal between Gundewur and the Nogimg river. A 
consequence of this deepening of bed on the line of Canal opposite 
the Jatouwala rao was, that the rao itself, which, as formerly de- 
scribed, terminated its section at a distance of about 4000 feet from 
the Canal, entered the Canal in a perpendicular fall, this led to a 
retrogression of levels on its course, and ultimately to a distinct 
line of river being formed between the point where it formerly 
terminated and the Canal. 

76. The situation of the Nogong Dam with reference to the 
present course of the river is unfortunate ; the tendency of floods 
being towards the Belka falls, and the line of revetment on the 
flank of the Dam, more than to the Dam sluices ; the general plan 
of the river and Dam at their junction may be represented thus: — 

DIAGHAM 12. 
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the evil of this is conspicuously shewn in floods when the Jaton- 
wala and Nogong raos are simultaneously charged with water, the 
two currents meet at a immediately under the eastern revetment, 
and escape by a back water through the Dam. I partly place the 
accident of 1842 to this cause, it is an evil of great magnitude, 
more especially as the revetment although wejl protected at its 
foot is built on a small section, I should recommend that a straight 
cut from Shuhabooddeenpoor in prolongation oti^he bearing of the 
piers of the Dam be made, as represented by the dotted line.s, and 
a strong earthen bund be established opposite the village, so as to 
keep the water in the required course, this cut is at least worthy 
of consideration, but it must be made with due respect to the 
mouth of the Belka cut, 

77. In the rains of 1844, the Nogong river broke through the 
bund at the Belka Cut head and poured all its waters into the 
Canal, the flood it might have been supposed would have commit- 
fed a similar fracture at the head of the Behut Cut, which was also 
protected by a bund, which under any great increase of water ought 
to liave broken and offered an escape down the cut, this however 
did not take place, the flood water rose upon the Behut bridge to a 
height of 12 feet, or to the cordon below the parapet ; flowed over 
the high land o»i the left bank and formed a most fearful ravine 
close upon the work; through this ravine the flood passed without 
displacing a brick of the masonry, or without injuring either the 
bridge or the falls in the smallest degree. 

78. To prevent a recurrence of flood upon these works, the fol- 
lowing arrangements have been proposed, and will be submitted 
to Government immediately. 

79. To avoid the meeting of the Jatonwala and Nogong floods 
at the point a under the revetments of the masonry Dam, a cut 
is to be made, as represented by the dotted line at G, (Diagram 
11,) so as to turn the Jatonwala away from the* course ot the 
Canal, and make it join the Nogong river higher up its course. 
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At tlic head of the Belka cut, a weir of stone and frame box-work, 
similar to that used at the retaining Dams, is to be built, with its 
bill on a level with that of the masonry Dam — the flanks of tljis 
weir are to be well protected and elevated 10 feet above the sill — 
on it an earthen bund, 8 feet in height, is to be constructed so that 
floods to a height of 8 feet may pass off over the Dam — above 8 
teet the bund will be carried away, and instantaneous relief given 
to the works. > 

80. The Belka cut is to be made independent of the Canal, by 
a bund, and an excavated line as represented by the dots H — the 
water will thus be carried in a new bearing to the Muskurra river, 
and the Behut bridge will be no longer liable to danger : by the 
additional improvement of the cut suggested in para. 75 — the 
stability of the works in this neighbourhood, would be greatly 
increased — the levels are altogether favorable to this arrangement, 

81. With reference to the increased body of water that this 
plan will introduce upon the Muskurra works, whenever the weir 
over the head of the Behut cut is opened, I may remark, that up 
to the year 1844 — the 04 feet or No. 2 opening of the Muskurra 
Dam, with its bund of 7 feet in height had never been used — by 
reducing the height of the earthen bund on this opening, therefore 
to 6 feet, or to the same height as that in No, 1 opening — the use 
of both escapes would be insured — and in all probability this 
would be suflicient for the purposes required. 

82. Floods like those of 1844, which ruay be considered as rare 
occurrences, and a coiitingency to be expected once in 30 or 40 
years, it appears unnecessary to provide against ; and it is ques- 
tionable whether the very unfitness of our Danis to meet them, 
was not the cause of their preservation — the abstract of accidents 
during this year was as follows ; — 

1st. Fyzabad Dam turned on both flanks, water passing over 
and through earthen embankments— masonry uninjured. 

2mlly. Nyashur Dam : carthern embankments on eastern 
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flank carried away— masonry revetment on that flank and sluices 
injured. 

Zrdly. Noffong Dam : uninjured, floods broke through the 
Belka cut head, and passed oflf in that direction, 

4thhj. MaskurraDam : earthen embankment on the Western 
flank destroyed — masonry slightly injured. 

Shewing that in every single case the excess of flood water 
passed oft' through Assures made by itself in the earthen embank- 
ments, to the instantaneous relief as well as to the preservation of 
tlie masonry works. 

Road from Kitlsea to the Kalowala Pass. 

83. A road has been made from Kulsea to the Kalowala pass, 
connecting that entrance into the Deyra Doon with the high road 
between Suliarunpoor and Behut. This line was laid out and 
executed by me in 1830-31, at the expense of the Canal, for the 
purposes of forming an open line of communication with the 
Ullooni, Dowlakooa and Kalowala works, upon all of which the 
road is directed — since tlie establishment of road fund committees, 
that of Suliarunpoor has taken this work under its own manage- 
ment at the present time, it requires considerable repair, no 
masonry drains have ever been built, and at some places the road 
requires raising — I would recommend that ibis line should be 
maintained in a thorough state of repair, and to secure this ar- 
rangement, that an annual estimate should be submitted by the 
Kxecutive Engineer to the committee. 


SECTION III. 

Kulsea Choki to the Manukmow Choki. 

84, This portion of the Canal suffered considerably by retro- 
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gression of levels after the introduction of water in 1 830— the total 
descent m a line of about 15 miles is 66 feet. This had been 
remedied by the construction of the following falls or descents in 
masonry, all of which were built under the disadvantage of having 
to maintain the Canal constantly flowing during the operations • 

Nugla falls, 8 feet descent. 

Bobyl diito, 8. 

Rundole ditto, 7a. 

Ghoonna ditto, 7|. 

Snrkurri ditto, 4. 

Ilulalpoor ditto, 4. 

Mekcliuppur ditto, 4. 

The fall from the flooring of the Kulsea Regulator to that 'of 
the sill ot the Nugla Tails is 12 inches. From thence to the 
head of the Ilulalpoor Falls, the slope of the bed of the channel 
intermediately between the Falls is 17-6 per mile. South of the 
Hulnlpoor Falls to Mekchuppur, the slope is increased to 20 
inches per mile. 


Nugla Falls. 

85. The Falls at Nugla were completed in 1834, in two cham- 
bers, one ot 20 and the other of 15 feet wide, an additional 15 feet 
chamber having been added in 1840 — a mill-room it attached with 
two sets of .stones— the total cost, including the original building 
and the addition made afterwards, was 24,738 Rs. The design is 
similar to that of the Behut work— with a bridge of three spans 
ot 20 feet attached — the eastern 1 5 feet chamber being prepared 
from lockage. The foi'iulations are similar in every respect to 
those at Behut, the wells and floorings being similarly constructed — 
and the tail we<l protected by a wooden platform and river boul- 
ders. This work is well and solidly built, and has up to the 



T)0AB canal. 


63 


present time, required little repair. A 2nd class Choki is requi- 
red at these works. North of those Falls, and opposite the village 

Kulsea inlet. Knlsoa, thcie is on the left bank a masonry 

inlet for the drainage of the country, and im- 
mediately at the head of the J'alls two outlets for irrigation, one 
situated on the right and the other on the left bapk of the ('anal 

NnfilaRajbulia.wiih hitter is the snpply head for tlie Nugla 

Dumola aqueduct and Uajbuba, a line of main water-course which 
2d class Choki. 

crosses the numola river by an aqueduct, 
and is intended for the irrigation of the tract of country lying be- 
tween the Dumola and Nugadeo rivers-— its course, after cxtemhng 
through miles of country, terminates in the Dumola, about 2^ 
miles south of the town of Suharunpoor. 'I'he stud department is 
provided uith water from tin's Itajbuha. The outlet on the right 
bank is intended for a Uajlmha hereafter lo be constructed for the 
irrigation of the country between the Canal and the Muskurra 
river, and will in all probability for the head of a connected 
chain of Rajhuhas extending along the whole of the right bank 
of the Canal — attached to tlie Dumola aqueduct is a 2nd class 
Choki. 

86. The capacity of the Canal channel from its head to the 
Fills ^t Nugla, is sufficient fora much larger supply than that now 
admitted into the (^anal, or than that which the Canal in the 
southern regions could possibly bold ; any quantity of water there- 
fore may be introduced so as to give a supply to the Rajbuha heads 
nortliofthe Nugla Falls, perfectly independent of that required 
for the wants of the Canal in its southern region. Maintaining 
the Nugla Falls therefore as the regulator of the supply— Rajbuhas 
to any extent may be constructed above it. Supposing that the 
water in the Jumna is sufficient for the purpose, and that the wants 
of the Delhi Canal would not be interfered with by such an ar- 
rangi ment, branch Canals of a much greater capacity than the 
present Rajbuhas might be made north of the Nugla Falls, so as 
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not only to extend the means of irrigation far to tlie right and left, 
but to lead to the establishments of corn mills, or power for other 
machinery throughout the lands that came under its influence. 

Bohijl Falls. 

87. The Bobyl Falls are similar to those at Mugla, were built 
at two difFeient periods and under the same circumstances, and 
cost 17,740 Rs. The foun.lations are similar in every respect, 
and soil the same — a red sandy clay. There are no corn nulls at 
this woik. I consider the whole sound and stable — there arc two 
masonry heads for irrigation above these Falls on the right and left 
bank — a 2nd class Choki is also required here. 

Rundole Falls and 2nd Class Choki, 

88. At the point where the Rundole Falls arc situated, a bridge 
of 3 spans, one of 20 and two of 15 feet each, built previously to 
1830, existed. This bridge was budt with curtains and pier 
foundations sunk to a depth of 7 i feet, it was in good order and in 
every way elllcient. The proposed Falls therefore w'erc designed 
as a separate work at a distance of about 100 feet south of the 
bridge, which it was not worth while to alter for the mere sake of 
uniformity. The Falls are in every way similar to those forn?erly 
described, with the exception of their being unconnected with the 
bridge, built at two different periods, viz., in 1834 and 1840, and 
cost 17,750 Rupees. The foundations and work in general are 
secure ; there is however less back water upon the chambers at 
these Falls than there is at those before described — and conse- 
quently much more action of current upon the timber platform at 
the tail— this action is not dangerous, but the tail must be care- 
fully looked ufter, and examined at periods when the Canal is 
laid dry. 
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89. The lining out of these Falls is, with reference to the posi- 
tion of the bridge, a blunder — the intention of increasing the water- 
way by a second 15 feet chamber, was overlooked when the work 
w as laid out in 1834. The Falls, which then consisted of a cham- 
ber of 20 and another of 15 feet in width, were placed ccntrically 
.on an alignemcnt, AB, in prolongation of the centre of the bridge, 
thus ; — 

DIAGRAM 13. 





•r 


it is evident therefore that in making an additional 15 feet chamber 
on tlie riglit to correspond with that on the Ictl bank, there is an 
awkwardness of design, which although of no consequence to the 
flow of water, nor to tlie mere demands of the Canal, is a disfigure- 
ment. There are tw'o heads for irrigation above the Falls as shewn 
at X X in the above diagram. The Choki, 2nd class, is similar to 
tliat at Gundewur, 


Malaheeri Bridge, 

90. The Malaheeri Bridge, situated south of Rundole, is a 
plain structure of two spans of 25 feet each, founded on wells, 
sunk to a depth of 12 feet. There is nothing to remark upon here, 
hut that this is the only bridge on the Doab Canal without floorings 
or counter-arches. It was completed by Mr, Pigott in 1837, at a 
cost of 3,273 Rupees. 

The Ghoonna Falls and Mill, 

91. The Ghoonna Falls were commenced in July 1830, and 
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were the first works of tliis description which were built — tlie soil 
is nlinost pure sand, aud the dilHculties of maintainin^r a temporary 
rapid, round the work during tlieir construction were by far great- 
er tlian we met with elsewhere ; at that time moreover, neither I 
nor the Europeans under me were experienced in difHeulties of 
tliis sort. The Resign of the work is nearly similar to that for the, 
Nugla Falls, with mills attached, and diflers from it only in some 
sliglit deviation in the elevation of the bridge. The Ghoonua 
Bridge as constructed previously to 18.‘J0 consisted of three arches 
• — similar to tluit at Kundole — its foundations were also the same 
and sunk to a depth of 7J feet — these foundations were taken ad- 
vantage of in tlic design for the Falls, but the superstructure was 
removed. The plan that I adopted for the foundations of the Falls 
was to sink a lino of (i feet wells parallel to ami at dj feet distance 
from the rear foundation wall of the bridge — these wills were sunk 
to a depth of 11 or 12 feet, and were protected by ])iling as shewn 
in Diagram 7. This line of wells was intended as a protection to 
the low’cr foundations from the action of sjirings. At the tail of 
the Falls another consecutive line of wells, 8 feet in diameter, was 
sunk to a depth of 12 feet, and also ])rotecteil by piling — the inter- 
mediate space between this upper and lower line of wells consisted 
of wells (or ncenichuks rather) under each revetment placed at a 
distance of 4 feet apart, and similar lines centrically placed under 
the chamber floorings, — these neemchuks were sunk to a depth of 
4 feet and the whole was connected by arches, there were however 
no connter-arclies to the chambers but a masonry flooring was laid 
in to a depth of 2 feet, the upper part of which was brick-on-edge. 
In 1840, an additional 15 feet chamber was built, and opportunity 
was taken to strengthen tlie floorings as much as possible. It 
liaving been convenient when the work was originally constructed to 
build the mill house on the flank revetment of the 20 feet chamber, 
1 decided on extending the water-way and giving five additional feet 
in widtii to the Falls— the left flank revetment therefore of the old 
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15 feet chamber was removed, and that chamber increased in 
width to 20 feet, the new 15 feet chamber or lock with its two 
revetments were then constructed on foundations, counter-arches, 
i<V'c*, similar in depth and strength to those at the Nugla and other 
Falls, in the building of whicli we had been gradually obtaining 
experience. The plan of floorings which was adopted in the work 

whicli was first built is probably to be 

I.,voll’m.rbr""r.ho^'l3 Objected to. 1.118.3,% almost imn.edi.itoly 

iiiiteui of 50 feet, as at the after the Falls were built, it was found 
other Fallb. . . . , ^ . 

impracticable to maintain the Lanai in its 
course round the bridge frvom the wear and tear upon the tem- 
porary rapid, and wc were neci'ssitated to turn the stri'am over 
the masonry work; from some cause or otluT, possibly from the 
masonry not Ix'ing indurated, and the rush of water above acting 
upon it, blit perhaps from the action of undor-s])rings, the flooring 
at the foot of the ogee of 15 feet chamber was Idovvn up, the in- 
jury (lid not extend its(‘lf, but was limited to a hole of about 13 feet 
in lengtli on tlic full width of the chamber. Tiie repair of this 
was undertaken by Lient. Napiei in August, Scptcmiber, and Oc- 
tober 1S33, tlie force of the mider-spriiigs was such that trifling as 
the injury appeared, the remedy was a dilliciilt one; after di'vising 
iiiimeroiis expedients, caissons were sunk ami filled with brick ma- 
hoiiry and concrete, tlie latter being well rainmc'd ; over these thick 
floorings of brick laid flat, but with the interstices carefully co- 
vered, were fixed, this was then covered by brick-on-edge, and 
over the whole a wooden platform secured, so that the action of 
tlie water could not disarrange the masonry — this repair was (jiiite 
successful. The fl(aorings, however, of the two chambers above 
referred to are constantly giving trouble, rcfpiire constant looking 
aflcr, and it is to be feared that the violenc(3 of these under-springs, 
are acting injuriously in removing the subsoil from und(‘r the found- 
ations. In other respects the work is good — built*of brick ma- 
sonry with stone lime, and soorkbi cement. The situation of these 


1 
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falls is bad, they are built on the immediate approach to a bend 
in the course of the Canal, which has led to the. demolition of the 
roadway on the left bank, and will ultimately (unless means are 
taken to stop the evil,) do much further damage. A 2nd class 
Choki is here also required for the lockage establishment. 

Qhoonna Outlet. 

92. The Ghoonna Outlet, which is situated on the left bank 
above the Falls, is used for irrigation, it is situated at the head of 
drainage connected with the Pandhoi Nulla; an aqueduct is thrown 
over the reservoir of the Ghoonna Outlet, connected with a line of 
irrigation from above the Rundole Falls. 

Putni Bajhuha. 

93. On the right bank and just above the Ghoonna Falls is the 
head of the Putni Rajbuha, a water-course dug at the request of 
Goolab Sing, a banker and resident at Jugaderi, for the purposes 
of taking a stream of water to the town of Putni ; the object would 
have been much more efficiently attained by taking the head from 
above the Nugla Falls, but Goolab Sing appears to have preferred 
the spot which he selected near Ghoonna, as nearer to his own 
estates, and suspecting in all probability, that had the supply been 
taken from Nugla, his lands w’ould have been at the tail of the 
water-course, and as is usual in similar cases (when years of 
drought occur,) been liable to constant interruptions to the flow of 
water. The present line, however, is an expensive one, owing to 
Its having to pass a tract of very low country, which is passed by 
a long line of earthen aqueduct. After filling a masonry reservoir 
opposite to the eastern gateway of Putni, it passes onwards towards 
leeri. 1 he .total length is about 7 miles — the drainage of the 
low land which is crossed by this Rajbuha, is effected through an 
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opening led in the earthen causeway, which opening is passed by 
the Rajbuha, over an aqueduct made of sheet-iron supported on. 
masonry piers — the space between the bed of the water-course, 
and the surface of the country not being sufficient to admit of 
arches. 


Surhirri Falls. 

94. The Surkurri Falls have a descent of four feet only, without 
a bridge, the design in other respects is similar to that before des- 
cribed, viz. a centre chamber of 20 feet, with flank ones of 1.5 feet 
wide each — the work is massively built, and founded on wells on 
the same plan and deptli as at Nugla, the ch.ambcrs are counter- 
arched, and tail well protected. The difficulties of constructing 
tliis work were great owing to the sandy state of tlie soil, and the 
expense was proportionately heavy — the total cost was 1(3, .500 lls. 
These Falls were completed in 1810. Jletwcen the Ghoonna and 
Surkurri Falls there are three masonry outlets for irrigation, one 
on the right and the otlier on the left bank immediately at the head 
of the Falls, all these works arc to be depended upon. A 2nd 
class Choki is here also required for lockage establishment. 

SurJeurri Bridge. 

9.5. The Surkurri Bridge is about a mile south of the Falls, it 
has a centre archway of 20 feet, with side ones of 10 feet wide each. 
Both piers and .'ibutments are founded on wells 0 feet in diameter, 
sunk to a depth of 1(3 feet, resting on sand ; it is counterarched and 
the curtain walls to the front and rear arc sunk to the depth of 4 
feet — this work is sound and has required little repair — the Choki, 
2nd class, is situated on the right bank, and is similar in every re- 
spect to those formerly described — there is a small masonry outlet 
for irrigation near this bridge. 
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96. Between the Surkurri Bridge and the Falls at Hulalpoor— • 
the heads of the Pandhoi Nulla are passed on the east, and the low 
land at Duthowli on the west of the Canal — to each of these, mason- 
ry works have been adapted — Colonel Smith’s original project de- 
signed the Pandhoi as the receptacle for escape water during floods ; 
a masonry outlet of two 6 feet openings was constructed on the 
Canal bank, and a cut made to the nulla for the purposes of escape 
—it was also determined that these lines of escape nulla should 
be converted into lines of irrigation, by throwing masonry Dams 
over their courses, with embanked reservoirs, so as to give head 
water, and facilities to the cultivators in obtaining water for their 
fields — I defer all remarks on tlie results of these arrangements as 
a separate chapter will be devoted to them — and shall continue 
my description of the works at present existing. 

Pandhoi Outlet, 

97. The Pandhoi Outlet, which was constructed previously to 
1830, is well and solidly built — it is floored with masonry, and its 
foundation consists of curtain walls ; that, towards the Canal front 
is laid to a depth of 4 feet and rests on soil witli kuiikur; the tail 
curtain rests on wells sunk to a depth of 18 feet, well protected by 
piling and kunkur, its sluices were originally fitted with both gates 
and sleepers, but the former lias given way to the latter, partly 
owing to the impossibility of protecting iron work, at a distance 
from a Clioki post from tliieves, and partly from the sleepers being 
more readily used by the Native Establishment. 

Pandhoi Dam for Irrigation on the Pandhoi Kulla, 

98. At a distance of about li miles from the outlet head, a 
Dam similar ,*o tlie outlet itself is constructed across the bed of 
the Pandhoi Nulla, this work is called “ the Pandiioi Dam,” and 
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is sitiintecl between the villages of Sliahpoor and Sunkullapoori— 
connected to this by revetments of masonry are outlet heads, that 
one on the right bank being the head of the west Suharnnpoor cut 
which after a course of five miles returns its water to the Cainil 
through an inlet near the Kirsunni Choki — that one on the left 
being the head of the east Suharunpoor or the*Botanical garden 
cut which after a course of 3| miles falls into the Pandhoi river, 
after passing through sets of mills for corn grinding. These cuts 
are crossed by masonry bridges at all the principal roadways — and 
are planted with trees throughout their whole course. 

99. Tlie Pandhoi Dam is in every way a good and sound 
buihling — its foundations arc massive and laid upon w’ells — attach- 
ed to it is a 2nd class Choki similar to those before described ; 
the silting up of the course of the nulla between this point and the 
('anal leads to constant expense and is very troublesome, there 
appears to be no remedy, but patience, and the hope that in the 
course of time the Canal water may be purer; this evil however 
has decreased greatly within the late few years, and will, I have no 
doubt, ultimately be grt"atly modified. A straight line of road 
connects this Choki with that at Ilulalpoor on the main line of 
the C!)anal. 

East Suharunpoor Cut, 

100. The East cut requires clearing out occasionally especially 
at tlie head and near tlie Dam — at a distance of miles from its 
source it enters the Suharunpoor Botanical garden, close by the 
llurdwar gate, near which a corn-mill has been built :* the garden 


• Built in 1831, at an expense of Rs. 420-1 1-3— tlie fall of water is about 
8 Indies: and machinery uitli an under-shot wheel was oi initially adapted; the 
native millers however were so constantly in the habit of disarranj'ing this ina- 
dnnery, that it was found convenient to leplace it by the native corn-mill — this 
woiks very well, by maintaining the surface of the water in the Dam on a high 
level. 
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is entirely irrigated by the cut, which previously to forming an 

ornamental sheet of water near the con- 
Corn-mill, Botanic gar- ^ i 1 1 

servatories, passes over a fall, and adds 

greatly to the beauty and appearance of tlie 
grounds — tlie water escapes to the south and passes through mills 
budton the slope of the valley of the Pandhoi. At two principal 
points on this water-course, ghats have been constructed attached to 
bridges — the channel being built of masonry, with steps down to 
the water on each side ; on one of the principal crossings between 
Suharnnpoor and Hurdwar the lengtli of double ghat thus con- 
structed is 120 feet, offering great accommodation to travellers 


Suharnnpoor mills. 


and pilgrims cn route to the Holy City. 
The mills which as I before said were 


built on the slope of the valley of the Pandlioi Nulla, were partly 
constructed previously to 1830 and completed at different periods 
afterwards — the slope of tin’s valley is impregnated with land- 
springs, wliich were necessarily increased by the introduction of the 
line of water-course, the head water of the mill Dam being 13 feet 
higher than the floorings of the escape ! Sliortly after the building 
was finished, an accident happened to the tail at the point where 
the escape water reached the Pandhoi, leading to a slight settle- 
ment to one angle of the building and to tlie sluice floorings under 
that angle. To this fracture the final demolition of the building 
may be placed — in 1841 the mills having been reported upon, as 
sound, and in good order only a few days before, tumbled in, the 
foundations of the centre wall having given way. The ruin was 
so complete, that I deemed it advisable to remove tlie whole, and 
re-construct new mills on entirely new foundations. 

101. The merits of the common boring apparatus, without the 
use of tubes, are doubtful. When the foundations of these mills 
were under construction, the borer was used in sundry places, and 
the results she\^ed that a stiff blue clay was to be found at depths 
varying from 5 to 8 feet. Wells or cylinders were therefore built 
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to a height ofG feet, and undersinkinjr commenced ; after working 
through from 2 to 4 leet, the same clay which we liad found at a 
greater depth with a borer, shewed itself, the clay appeared suffi- 
cient for a foundation, and it was used as such, the upper portion 
of the cylinders was therefore removed, and the superstructure 
. was completed. On clearing out the foundations.after the accident 
of 1844, the wells under the centre wall were out of the perpen- 
dicular, the others were straight, but both in the wells and in the 
lower parts of the walls, where the brick-work had been acted on 
by the springs, the whole of the mortar or cement had been re- 
moved ; the surface under the old foundations exhibited si)rings ris* 
iiig up in bubbles, and that sort of soil which is vulgarly called 
‘slush,’ the masonry, which away from the influence of springs was 
of a most superior description, and the wells and every part of 
tlie building appeared to he well and massively built. 

102. 'I'lie cause of this failure was a want of depth to the wells 
in foundation : the accident alluded to in para. 91 liaving in caus- 
ing the settlement to the floorings of the sluice cliannels openul 
devices and outlets for sand, the action of the land-springs con- 
stantly at work ufion the substrata, upon which the wells of the 
centre wall were built, had apparently undermined the wall, by 
gradually ejecting the sand and clay, upon which it was founded. 
'Iho new mills, which are by this lime I imagine nearly built, are 
planned with walls sunk to a depth of 10 feet, no centre wall is 
admitted into the construction, and the supply of water is intro- 
duced to tlie mill slioots, through a long line of masonry channel, 
so as to remove the influence of the head water upon the natural 
laiulsprings to a considerable distance from the building. 

Mill Bridge — Pandkoi Biver — Suharunpoor, 

103. The Hridge on the Pandhoi near the rnillt was built by 
:)rivatc subscription many years ago, it has lately been mucli in- 


K 



74 


DOAB CANAL. 


jured by floods, an increase of drainage having been thrown into the 
nulla north of the bridge, through the Dholi Khal, a tributary, 
which has been artificially connected with the drainage to the west 
of the town of Suharunpoor. 

104. As the Canal water which falls into the Pandhoi river 
from the mills is, at present lost— and as the Pandhoi itself is a 
perennial stream, it was my intention, had not other matters inter- 
vened, to have examined the Durnola river, (into which the Pand- 
hoi falls, and which also is perennial), south of the bridge, with 
reference to the construction of a Dam over its course, so as to use 
the collected waters of the Durnola and Pandhoi, for irrigating 
the lands between the Kirsunni and Ilindun, The river is such 
an enormous one during floods, that the expense in all probability 
of constructing a Dam would be against the undertaking ; but 
nevertheless the project is worth examining. 

West Stihao'mpoor Cut. 

lOa. The West Suharunpoor Cut deserves no particular re- 
mark ; the late formation of the Mekehuppur Rajbuha, which 
crosses it at the high road between Suharunpoor and Kurnaul, has 
connected it with that line of irrigation. '1 he channel of the West 
cut requires annual clearance, especially from young sissoo trees, 
which establish themselves with great rapidity on the line — near 
its junction with the Mekehuppur llajbuha there arc numerous 
teak trees which appear to flourish. 

Dutliowli Inlet. 

106. The Duthowli Inlet has three openings, a centre one 6 
feet and side ones of 3 feet each ; owing to the alteration of levels 
in the Canal 6ed, and the raising of the sill or flooring of the 
llnlalpoor Falls, this work only acts for the purpose of inlet when 
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the Canal is dry. This is remedied however by a much more efli- 
cient method for draining the low land at Diithowli, by taking 
advantage of the great declivity in the surface of the country, and 
by a ditch or escape dug parallel to the Canal (which ditch acts 
also as the Canal boundary,) which admits of the water passing off 
at the Alumpoor inlet, a masonry building situated on the right 
bank near the bridge of the same name. This project was laid 
out by me formerly, the channel excavated, and a bridge built at 
the llulalpoor bridge ramp : it did its duty well, hut latterly it has 
been neglected, and the cultivators by throwing bunds across for 
irrigating their fields, have completely annihilated it, as a drain 
from Duthowli. 

107. As the low land at Duthowli is a great disfigurement to 
the country and is in all probability a cause of sickness, I would 
recommend, that the maintenance of the line of escape should be 
insisted upon, and that when opportunity offers, a series of levels 
should be again taken, commencing at the lowest point of tlie. 
jheel ; that the cut should be cleared out, and if necessary widen- 
ed, and severe penalties attached to those who in any way inter 
fere with the channel. In all the line from the Surkurri Falls to 
the Pandhoi Outlet, the percolation of water through the Canal 
banks is more or less observable, especially near the banks, where 
the surface has been removed for bank repairs, &c. 

Hulalpoor Falls and Chokif ( 2nd Class,) 

108. The Hulalpoor Falls are built at a short distance from 
and south of the bridge with which they are connected by a ghat 
or step’d revetment. The bridge consists of two spans of 25 feet 
each in width — and the falls, having a descent of 4 feet, are pre- 
cisely similar to those at Surkurri — the foundations arc laid in 
good stiff clay — are massive and built of very*superior brick 
masonry, irrigation drains are constructed on the right and left 
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revetments, between the bridge and the beads of the falls, there 
is also a small outlet for irrigation on the left bank immediately 
above the Choki which is situated close to the bridge. There is 
considerable afflux on this bridge owing to the proximity of the 
falls, an evil which reduces the value of the revetment heads for 
irrigation. On the western ramp of the bridge is a masonry drain 
connected with the Duthowli drainage before alluded to. Attach- 
ed to this post are toon and sissoo plantations. The whole of 
these works arc in good order. Between the Hulalpoor Choki 
and that at tlie Pandhoi Dam, a road was formerly made to con- 
nect the two posts, this road requires raising at some points, and 
would be improved by masonry drains. The Hulalpoor bridge is 
on the high road between Suliarunpoor and Umballa. These 
works were built in 1841 at a cost of 10,202 Rupees, 

Adumpoor Bridge. 

109. The Adumpoor bridge w’as built previously to 1830 ; it 
consists of a centre arch of 20 feet wide, with a circular arch on 
each side of 6 feet diameter — the water-way is much confined at 
this bridge, the level of the bridge floorings requires to be low- 
ered, and the time will soon arrive when the necessity for re-con- 
structing the water-way on a similar scale to that of the new 
Hulalpoor bridge will shew itself— the sooner that this improve- 
ment is effected the better ! — there is at present a very heavy 
rapid on the tail and the cutting away of embankments is great— 
the present bridge however, although with foundations of only 
feet deep, is perfectly safe, if proper attention is given to the rapid 
at its tail — the building is massive and strong. 

Adumpoor Inlet* 

110. The inlet on the right bank immediately above the 
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bridge, is in good order, it consists of one opening of 6 feet wide, 
it acts as a relief to the Soorya Tulao, a large tank or hollow close 
by, as well as to the admission of flood water Irom Duthowli, 

Mekehuppur Rajbiiha. 

111, Between the Adumpoor Bridge and the Mekchuppnr 
Falls the Mekchuppiir Uajbuha leaves the Canal on the left bank, 
this line of water-course after extending over a length of 1.5 miles, 
terminates in tlie Kirsunni river near Chukwali and Shoudaspoor ; 
a feeder for this Rajbuha will leave the Canal near lUittunkheri 
bridge, ciossing the Kirsunni river by a masonry Dam, the latter 
work has been authorized to be constructed at the expense of the 
(jovernmeiit. Opposite the Mckchuppur Outlet is a small ma- 
sonry drain on the west bank, which is, I believe, deserted, it is 
out of repair at present. 

Mckchuppur Bridge and Falls, 

112. The Mckchuppur Bridge and Falls are similar in every 
respect to those at Hulalpoor, with the exception of the revet- 
ments' connecting the bridge with the falls, which at the former 
are much longer, this is a main line of communication during the 
Ilurdwar fair especially, and the ghats are much prized by the 
community. The evils arising from afflux on the bridge are here 
also very prominent; the bed of the Canal owing to the rapid 
current between the bridge and the head of the falls requires to be 
looked after, and every opportunity ought to be taken of protect- 
ing it by masses of kunkur. Irrigation outlets are built in the 
revetments in the same way as is practised at Hulalpoor — these 
act also as inlets during the rains. As heads for irrigation these 
outlets would have been more advantageously situitfed above the 
falls where they would have derived all the benefits of the afflux ; 
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but at the same time other masonry works would have been re- 
quired to conduct the water across the hi/rh road. These works 
were built in 1841 at a cost of 10,523 Hs. A second class Choki 
is required at these falls for lockage purposes. 

Maniikmow Bridge and First Class Choki 

1 1 3. The Manukmow Bridge is built on the same model as 
that at Adumpoor, the rapid at its tail is not so observable. But 
the same remarks which I have made on the Adumpoor bridge are 
equally applicable to this. The bridge was built previously to 
1830, the work is sound and good, but the water-way is too con- 
tracted. The first class Choki which is on the east bank near to 
the bridge is constructed on the same plan as those at Kulsea 
and Nyasbur, and requires no remark. Immediately above this 
bridge on the east bank, is a small drain for inlet, and immediate- 
ly below and on the same bank an outlet head which is connected 
wdth the circulai tank in the Manukmow yard. 

Manukmow Yard and Workshops, 

114. The Manukmow Yard is a quadrangle surrounded by 
thatched buildings built of sun-dried brick—in the centre of the 
quadrangle is the Executive Engineer’s office. During the time 
that Col. Smith was carrying on the works, in conjunction with 
those under the Garrison Engineer at Dehli, this yard was the 
depot for all the timber and workshops attached to both depart- 
ments— since that period however it has been considered merely 
as the Head Quarters of the office and establishments, attached 
thereunto, for whom ample cover is offered. Attached to the 
yard is my own estate, garden. See, Between the yard and the 
Canal is a mango graft plantation covering about 5 acres of 
land. 
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SECTION IV. 

Manuhmorv Chohi to Abba Choki, 

115. In continuing the description of the works from this 
point I shall omit (he smaller class of outlets referring the reader 
to Appendix D., which contains a list of all the outlets and inlets. 

About a mile below the Manukmow post, 
aretl.e Kirsumu Outlet tuul Choki (2n(l 
class) situated on the left bank of the 
Canal. The outlet has two openings of G feet wide each, and is 
similar to that at the Paiulhoi head — its foundations are built in 
good soil, and the structure is sound. This was intended in the 
original project as an outlet for escape water during floods — and 
the Kirsunni nulla, at the head of which it is situated, was as in 
the Pandhoi before described, proposed to be used for the pur- 
poses of irrigation. The Kirsunni nulla alter extending through a 
course of about 80 miles, and passing close by the towns ot Ram- 
poor, Thanna, Julalabad, &c., joins the Hindun river at Burna- 
wur — like all the Doab lines of drainage unconnected with the 
mountains, it commences in a series of low jheels and rice land, 
and terminates in a deeply depressed bed, passing through an ex- 
tensive valley. It was proposed to throw masonry Dams over 
this nulla at different points as far south as Julalabad. Previous- 
ly to 1830 a Dam of this description with a Choki was built at 
Rampoor, shortly afterwards two other Dams, one at Chidbunna 
and the other at Nulhera were built, to each of these works a 
corn-mill was appended. The evils attending on this arrange- 
ment were apparent very shortly after the Dams came into opera- 
tion : the quantities of silt which they maintained led to the total 
destruction of the Kirsunni outlet, as an escape for floods: the 
constant flow of water required for the purposes oi supplying the 
Dam reservoirs, led to such extensive deposits of silt, that al- 
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thoM^rli it ]i<avc been worth the expenditure required to keep 
the channel clear, time and labor could not be afforded — it was 
plain, that simple as it appeared to be to take possession of the 
channel of an old nulla, and by throvviuf; bunds over it, provide 
tlie means for irrigation ; it would be not only cheaper, but in- 
finitely more advantageous, to make cuts from the main line of 
Canal, which running paralhd to the course of the nulla, was in 
every mile of its length gaining increased advantages in a more 
elevated bed. This led to the Rajbuiia system which w'ill be 
liereaffer described. The Dams at Chidhunna, Nulhera and Ram- 
poor have done good service as heads for irrigation nevertheless, 
but the mills at the two former places have been abandoned.* To 
complete the line of the Kirsunni, as a branch for irrigation, a 
Dam has been built at Hunhera, a place situated about four miles 
north of Julalabad this work has heads of iirigatiou attached to 
it by lines of revetment, as at tlu' Pandhoi Dam — it consists of 
three openings of 10 feet each, is foumhal on wells and boxes, and 
is strong in every respect — as this work is a main outpost for 
irrigation, a Choki building is attached, the inner dimension of 
which is 22 X 10, built of pukka brick and mud, with a flat roof. 
The Runhera Dam is intended to catch all water that passi's down 
the Kirsunni, and deliver it oflP in channels of irrigation to the 
right and h*ft -that on the right has been completed under the 
name of the Julalabad Rajbuha, a line that is connected with other 
water-courses, wdiicli will be explained hereafter. 

Ruitunkhcri Bridge, 

110. The Riittunkheri Bridge is situated a short distance be- 


• These mills merely consisted of masoniy channels, and had no superstruc- 
ture, they weie sto])ped by tlic silt deposits. The Hampooi mill was huilt in 
1833, at an expeifle of Ks. TVI-d-fi — it docs not woi k satisfai toiily, partly owinj? 
to silt, and paitly to back water, aiising from tlie Escape Channel having been 
oiigimilly constuicled on too low a level. 
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low the Kirsunni Outlet, on the main line of the Canal — it is built 
precisely on the model of the Adumpoor Bridge, and its water- 
way is much contracted, the floorings (as in the case of that 
bridge also) require modification — a heavy rapid exists on the 
tail of this bridge. 

Reerec Bridge and Falls, 

117. As at Hulalpoor, and Mekchuppur, the old Reeree 
bridge, which was similar in form and water-way, being construct- 
ed on the plan of that at Adumpoor, was removed, and in its 
place a bridge of two spans of 25 feet each was built — the falls 
are situated 100 feet south, and the whole work is precisely the 
same as those at Hulalpoor and Mekchuppur, with the exception 
of the connecting revetments which have been omitted — I have no 
remark to offer on these works, they are, I believe, sound in 
every respect — a Choki 16x10 is attached, built of pukka brick 
and mud. There is a hole or tank situated between the left bank 
of the Canal and the village of Reeree, which I partly filled in 
from the excavation at the falls, and I have endeavoured to com- 
plete this very desirable work, by carrying a water-course through 
it, so as to warp it up with silt — this latter arrangement has not 
been very successful up to this time, but I have no doubt that it 
will be so eventually ; it is most desirable to get rid of this hole 
with its reeds and stagnant water. 

Balpoor FallSf Bridge and Second Class Choki, 

118. The Balpoor Falls are in every respect the same as at 
Reeree, there is something defective in the arches of the bridge, 
which have lately exhibited an hair crack through their crown — 
the building in other respects is, I believe, sound, and the falls 
well protected. There is a Choki here, 2nd class, similar to that 
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at Rundole. Between the Reeree and Balpoor Falls, the Islam- 
nuggur Rajbuha leaves the Canal on the right bank — tins water- 
course has been excavated at present on a line of 5 miles, but is 
to be extended hereafter. 

119. From the sill of the Belka to the lower flooring of the 
Mekchuppur Falls, the levels of the Canal bed have been regula- 
ted on slopes described in para. 84 : from thence to those at Bal- 
poor, the slope per mile has been regulated at 23 inches. With 
exception therefore to that portion of the Canal lying above the 
Belka Falls the levels may be said to be completed as far south 
as Balpoor. From Balpoor, the effects of silt upon the bridges 
will be shewn by reference to Appendix B., shewing the state of 
high water in the different bridges from Myhee to Bynswal, as 
taken by me in 1843. 


Myhee Bridge. 

120. The Myhee Bridge has one span of 31 feet, 3 feet of 
which is occupied by a towing path — this work was completed in 
1836, at a cost of 1,132 Rupees — there was some great neglect in 
removing the centering of this arch either too suddenly, or at an 
improper time, the form of curve was a semi-ellipse described on 
its two foci, the half conjugate axis being 7 feet — in removing the 
centering, this axis has been so much lessened as to be perceptible 
to the eye, and there are cracks both through the haunches and 
crown of the arch : as these have existed ever since the year 1837, 
and don’t appear to increase, the bridge may, 1 fancy, be consi- 
dered secure. I believe, in other respects, that the work is 
sound, it is built on curtains and counter-arched. 

Ghusouti Outlet and Rampoor Rajbuha* 

121 . Further on, on the cast bank, is the head of the Rampoor 
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Rajbulia, commencing at the head of the Ghusouti Outlet, a line 
connecting the Canal with the Dam at Rampoor— this work is in 
good order, the flooring ought to be 12 indies above that of the 
Nowrungpoor Bridge. 

Nowrungpoar Bridge, 

122. Nowrungpoor Bridge, a work built previously to 1830 

its water-way consists of a centre 20 feet span, and side holes of 
5 feet in diameter — a sound strong work, but too small for the 
passage of the water, it is built like all those at that period, with 
counter-arches, masonry curtains, &c., the depth of the curtain in 
the centre of the counter-arch is 24 inches — between the Myhee 
and the Nowrungpoor Bridge, the banks have been slightly raised 
to meet the silt deposits, but these are now rapidly disappearing 
since the upper falls have been completed. 

Rampoor Bridge and Second Class Choki, 

123. Rampoor Bridge — similar in every respect to that at 
Nowrungpoor with the exception of a wider road- way — sound and 
good, but water-way contracted— between this and the last bridge, 
the banks have been greatly raised. Owing to this rise of em- 
bankment, to meet a proportionate rise in the surface of the 
Canal water, the Choki which was built of mud, and was within 
20 feet of the edge of the water, was constantly getting out of 
order— the moisture acted upon the foundations, and the super- 
structure bulged to such a degree at last, that it was necessary to 
pull the building down. The new Choki ought to be built at a 
greater distance from the Canal ; but as the silt which is deposited 
in the Canal bed at this bridge is rapidly moving forward — the 
annoyance of high water will not continue for a vei;y long period 
— close to the Choki, an outlet for irrigation exists, which would 
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eventually act as a feeder to the Rampoor Rajbulia, the line is 
tortuous at present, and would require to be improved and laid 
down on a fresh set of levels. 

Kidlurpoor Bridge. 

124. Kullurpoor Bridj^c — tlie same as at Nowrungpoor, sound 
and good, the centre arch has been injured by rafts, a remark that 
applies to all bridges from that at Nowrungpoor downwards — 
water-way contracted. 

Ahha Bridge and First Class Choki, 

125. Abba Bridge — the same as at Kullurpoor— to this work 
also similar remarks arc applicable — both at Kullurpoor and Abba, 
the silt deposits arc very heavy, as wdll he observed by the higli- 
water mark of 1843, vide Appendix B. From Nowrungpoor 
downwards, the necessity of raising tlie Canal embankments very 
soon exhibited itself after the Canal was opened in 1830 — between 
Kullurpoor and Abba, they ha\e been raised at least 8 feet, and 
the water at this moment may be said to be carried over the coun- 
try in an earthen aqueduct. Owing to the excavation made by 
otters and other vermin, as well as to the carelessness of the Zum- 
cendars in establishing their water-course heads, this line was con- 
stantly sullering from accidents aiising from breaches in the banks. 
On the west of the Canal an extensive hollow, under the name of 
the Unuthmow Jhcel, was occasionally flooded, and the water, ex- 
tending as far as the eye could reach, led to much damage to the 
crops — it was therefore found necessary to remove all water- 
course heads from the line between Kullurpoor and Abba, and to 
establish at Kullurpoor outlets for main lines or Rajbuhas — that 
one on the east bank has been in operation for many years — it ex- 
tends to a distance of seven miles, and arrangements are making 
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lor prolonging its course by an atjucduct over the Kirsunni, so as 
to give the benefits of irrigation to the left bank of that river. The 
Rajbiiha, on the west bank, has not yet been commenced upon. 

further to protect the country from 
Draina^a’, Unuthmow *1 i , n , 

Jlieel. ^ breakage of banks — a cut has been 

made from the Uiiuthmow Jhcil, to the 
west, through land whicli separated it from the Kattlia Nulhi, the 
levels arc peculiarly favorable to the undertaking, and as the bed 
of this cut has been projected from the lowest part of the Jhecl 
every facility for tlie rapid escape of water will be attained. 


rib. I consider that the maintenance of this cut, fiom the 
Unuthmow Jheel, is of the greatest importance, and I would sug- 
gest that no opportunity sliould be lost of inspecting it, and seeing 
that its channel was not in any way choked up. On the main line 
ol Canal, no Zumeeiidar’s water-course heads ought, ou any con- 
sideration, to be established at points where the surface of the 
Canal water is above the level of tlie country. 

127 . When the silt is sufliciently cleaied out from the Canal 
bed between Kullurpoor and Abba, 1 would recommend that a 
bridge should be built at the point where the Unuthmow Ghat is 
now situated, so as to admit of the cultivators at Umithmovv get- 
ting to their fiedds, at jiresent the ('state of Unuthmow is divided 
into two portions by the course of the Canal. The bridge would 
also be convenient as a line of communication to Dhakadai and 
other villages in that neighbourhood. 

128. Between the Balpoor Falls and Abba the declivity of 
Canal bed is very considerable, and hereafter descents of 4 feet 
each will lie required both in the neighbourhood of lUimpoor and 
Kullurpoor, supposing that the silt deposits are removed. 


Abba First Class Ckolci 

129. The Abba Clioki is 1st class, similar in every respect to 



86 


DOAB CANAL. 


those before described : owing to the action of moisture upon the 
foundations of this choki, arising from the rise of the surface of 
the water in the Canal, this building has on two occasions required 
repair — its flooring and walls have been raised 3i feet to meet the 
rise of the embankments — at present however it is in good order, 
and 1 believe in a perfect state of repair. A main line of road 
has been constructed at the expense of the Canal, between the Abba 
and the Bunhera Choki (on the Julalabad line of irrigation) the 
road is about 7 miles in length and requires masonry drains ; since 
the establishment of the Suharunpoor Road Committee, this work 
has been placed under its management. 


SECTION V. 

Abba Choki to the Berkheri Choki, 

130. In advance of Abba the line of Canal (before described 
as that of the old Shamli nulla) is very tortuous, and the silt de- 
posits very heavy, the raising of embankments therefore through- 
out the whole of this section has been extensive ; for the actual 
height of high water in 1843, in each of the bridges I must refer 
to Appendix B., from which a perfect idea of the deposits may be 
formed by observing that the tops of the original embankments 
were 6 feet only above the original bed of the Canal, the section 
of the original Canal being shewn by the green lines. 

Nynpoor Bridge, 

131. In advance of the Abba Choki is the Nynpoor Bridge 
with a water-way consisting of one span of 18 feet in width, with 
circular arches on each side of 5 feet in diameter — with exception 
of the brick wcrk of the arch being injured by rafts passing under 
it the work is sound and good — its foundations are on curtains 
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with counter-arches, the depth of foundations 3 feet below the 
centre of the counter-arch, the soil upon which they rest is a hard 
clay. 

Bahmunmajra Bridge and Second Class Choki. 

132. The Bahmunmajra Bridge is- exactly thp same as that at 
Nynpoor, and requires no remark — a 2nd class Choki, similar to 
that at Rimdole, is situate on the right bank near the bridge, 

Madhoopoor Rajbuha. 

133. Between this last bridge and that at Bursa the Madhoo- 
poor Rajbuha leaves the Canal on its each bank — after extending 
over a course of 6| miles it falls into the Julalabad Rajbuha near 
the village of Umbyta. 

Bursa Bridge* 

134. The Bursa Bridge was built on the same model, and at 
the same time as that at Myhee, and by the same overseer, Serjt, 
Petrie, the arch has settled at this bridge, and the south-west 
pillar upon which the wing wall terminates has, by settling, given 
an ugly crack on the wing wall — in other respects the work ap- 
pears to be good~the size of water-way is well adapted to the 
wants of the Canal at this point, and the height of the crown of 
the arch from the present surface of the water is sufficient for the 
passage of rafts without interfering with the brick work. This 
work which was completed in 1835 cost 928 rupees. The soil 
upon which thq foundations rest, as in every point of the line of 
Canal in the Shamli nulla, is good clay. 

Poqjna Bridge. 

135. Poojna Bridge and 2nd class Choki are built on the same 
model as those at Bahmunmajra, and require no remark. 
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136. North of the Poojna Bridge and on the west bank, a 
Rajbuha was formerly commenced, but stopped for want of funds, 
and from the Zumeendars appearing to be indifferent about its 
construction— the lining out was bad, and the work was deserted ; 
the site of the head however is good, and the line on an improved 
course might herqafler be taken advantage of. 

Berkheri Bridge and First Class Choku 

137. The Berkheri Bridge and 1st class Choki are situated 
about 2 miles south of Poojna. The bridge has a centre arch of 
1 8 feet span, with circular arches on each side of 4 feet in diame- 
ter — the foundations are similar to those before described — the 
arch of this bridge is almost destroyed by rafts, and a portion of 
the parapet on the upper stream face has fallen down — neither this 
nor tlie other bridges on this part of the Canal have been repaired 
by me from circumstances which I shall explain in my remarks 
appended to Section VI. The 1st class Choki is similar to those 
before described — a pukka well with covering is attached to this 
Choki — as well as a mango graft plantation of the same size as 
that at Manukmow. 

Road passing over the Berkheri Bridge and connecting the 
Town of Teetroon and Jalalabad, 

138. Berkheri is a small village, which from want of roads 
was formerly completely isolated — the want of cart roads was a 
great inconvenience, and during the rains especially, the village 
was completely cut off from the market towns in the neighbour- 
hood — since the establishment of the Road ' Fund Committee, a 
good road, well raised, has been completed from the Canal bridge 
on the west to .Teetroon, with masonry drains — and on the east a 
similar road to the town of Julalabad j this latter line requires a 
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few masonry drains, but the two towns of Teetroon and Julalabad 
are now connected by a line of communication, admitting of the 
use of wheeled carriages during the whole of the year — these roads 
however unless annually repaired, will soon be destroyed, I should 
therefore as in the case of the Kalowala road (para. 83) recom- 
mend that an estimate should be submitted annually to the Road 
Fund Committee and funds be placed at the Executive Engineer’s 
disposal for its repair. 


SECTION VI. 


From the Berkheri Choki to the Bynswal Choki. 


139, The whole of this line is as tortuous as that described on. 


tlie last section until it approaches within a mile of Bynswal, where 
it leaves the old course of the Shamli nulla and proceeds in a 


straight direction to the south. There are five bridges at the fol- 


Manukpoor bridge and 
2nd class Choki. 

Kliera Gudai ditto. 

Kyi bhikaipoor ditto. 
Tirwa ditto and 2nd 
class Choki. 

Jhiiulcrii ditto. 

Noith Bynswal ditto 
and 1st class Choki. 

South ditto, ditto. 


lowing places — Manukpoor, Kliera Gudai, 
Kyi Shikarpoor, Tirwa, Jhinderri, and two 
at Bynswal constructed previously to 1830 
— the south bridge at Bynswal would come 
more naturally into Section VII. — but its 
introduction here will enable me to com- 
plete my remarks on the line of Canal sit- 


uated between the Balpoor Falls and Shamli. 
The whole of these bridges being constructed on the model of the 
Berkheri Bridge as regards water-way, foundations, and soil upon 
which the works arc founded, require no detailed remarks, and 
their position with reference to the silt deposit wiH be understood 
from Appendix B. 


M 
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Boonta Bajbuha, 

140. llctvvccn the Borkhcri and Manukpoor Bridges the Boon- 
ta l(aj])nha leaves the Canal on the right bank, it extends to a 
distance of 9^ miles up to the boundary of the Mulhindi estate : it 
is intended that this line should be connected with the projt'cted 
Mullnndi Uajbiilia, vvhicli is proposed to leave the Canal near 
'I'irwa and be carried south witli otlier feeders to the Kliandla 
liajbulia. 

Sulawur Rajhaha, 

141. The Sulawur Bajbuha whicli h'aves the Canal on tlie left 
bank between the Kyi and 'J'irwa bridges, joins tlie Jalalabad line 
of irrigation near the village of Ileendh, after extending over a 
course of 3 miles. 


Shamil Outlet, 

142. The Canal at the distance of one mile nortli of tlie Byns- 
wal Choki leaves the old course of the Shamli nulla, nliich strikes 
oft to the south-east towards Sulawur, and passing under the walls 
of the town of Shamli joins the Kirsunni river near the villages 
of Bhulvva and Jhul. It was originally intended that this nulla 
should act as an escape for flood water from the Canal, and be 
provided witli Dams for irrigation. At the point of separation, 
an outlet head, similar in every respect to those at the Pandhoi 
and Kirsunni Outlet, was built : from the circumstances before 
explained, however, the use of this work for an escape was nega- 
tived, not only by want of slope in the early part of the course of 
the nulla, but from this want of slope choking the escape channel 
with silt. The early and rapid filling in of the Canal channel 
itsi'lf, with deposits also, has rendered tliis work useless, except- 
ing for tlie purposes of irrigation, whicti would be infinitely better 
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attained by a cut brou^dit from tlic Canal near tlic site of tlie old 
village at Tirwa. Should tlie silt deposits clear themselves out, 
as may be in time expected — and sliould the water in the Canal 
become cliarged with a smaller quantity of silt — this outlet ini^lit 
be conveited into the head ol a Rajbuha to act as another feeder 
of tlie Jnlalabad line ot imitation. 

Bynsival First Class ChoJei. 

143. The 1st class Choki at Pynswal is similar in plan to 
tliose before di'scribed, the centri' room howeve'r lias a il.it roof— 
the hiiihling is in good order — there are no workshops or buildings 
attached. 

M 1. I have now arri\ed at the point where the main deposits 
of silt in the cential pait oi tin* Canal tewminate. My Riqiort on 
the levels in 1837, ride Appendix A., mil slu'W tlie opinions upon 
which I I'.ave acted, and which for tin* sak(' of expi.ination I will 
liere recapitulate. I considerrd th.at the dt'posits which have so 
ra])i(liy I’oriiu'd south of Siiharimpoor origmatiMl iii the wear and 
tear ol’ the ('.anal bed in it', noitluan reguais, more th.in from the 
'oeds of the mountain tonenis: lh.it on a piopia lauiiiieii of slope 
111 mg (^slabli'.heil in the (^an.il noitli ol’ Suhaiuiipooi , by tin* c’on- 
'.tructioii ol masonry fills, tin* intioduction of silt would deeri'asi*, 
and perhajis cease entiiely : th.il the slope of the C.an.al bed .south 
of Suhaiunpoor, varving I’lom .3(1 inches to ‘JO ])im mile, w.'is too 
great to maint.nn tin* I'Xisting dejiosits, without an influx til’ silt 
eipial to the r///iox’ ari.smg I’lom this di'clivity of bed, .and 1 conse- 
quently aigued that when the masonry falls were completed, wc 
''lumld gradually get rid of the (hqiosits up to a certain point, 
which is shown by a dotted lini* dr.iwn on the longitudinal si'ction 
which accompanies A]ipendix A, and which dottial line was the 
surface of an uniform slope drawn from the tail ot/)ne fall to the 
sdl or wasteboard of that in advance. The truth of this theory 
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was plainly shewn immediately after the construction of the 
13elka, Ghoonna, Nugla, and Bobyl Falls, in the total removal 
of the deposits which had established themselves in great force 
at Manukmow and its neighbourhood, the bridge floorings at 
Manukmow having at one time had upwards of 3 feet de- 
posit. 

145. Since that period the falls have been entirely completed 
to a post 8 miles south of Manukmow, i, c. to the Balpoor Falls ; 
north of which there are now no deposits of any description. 
Previously to the establishment of these latter falls, the Myhee, 
Nowrungpoor and Rampoor Bridges had heavy deposits upon 
their floorings ; in 1843 as will be observed by the section in Ap- 
pendix B., those at Myhee were completely cleared away, and at 
Nowrungpoor, and Rampoor, the height of high-water was greatly 
decreased, shewing that the silt was moving forward — the present 
high-water at Nowrungpoor is 18 inches lower than it was former- 
ly, with a much greater supply of water in the Canal. 

146. This clearing out or forward movement of the deposits, 
must under any consideration be gradual, it is impeded however 
greatly by two causes — 1st, the tortuous course of the Canal 
fliuniiel from Rampoor to Bynswal ; 2n(lly, the interruption given 
by the numerous bridges, the water-ways of wliich were original- 
ly contracted but which have become more so, in consequence of 
their present state, arising from the deposits. 

147. In 1833 the archways of the bridges above alluded to 
became so choked with water, that it was thought advisable to 
prohibit the passage of rafts down the canal, an arrangement 
^^hlch was much against both the interests of the works, and the 
wishes of the community. In 1836 after estimating the probable 
annual return for the rafting of timber, and the probable injury 
caused to the bridges, with the cost of re-building or rc-construct- 
ing any works^of this sort which might be injured by cancelling 
the order of 1833, taking into consideration moreover the evident 
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desire of timber merchants and others to use the Canal for rafts, 
the said order was cancelled. 

148. My calculations tended to the belief if not certainty, 
that the transit duties per annum would average 500 Rupees, or 
in every three years a fund would be supplied equal to the con- 
struction of two new bridges. The results, as will be seen in Ap- 


pendix E., were as follows : — 




Rs. 

As. P. 

1836-37 

.. 88 

12 4J 

3 < —38 . » * . 

.. 262 

3 0 

38-39 

.. 426 

8 1 

39-40 

.. 566 

12 7 

40-41 

.. 937 

15 5 

41-42 

.. 963 

2 11 

42-43 

.. 522 

2 8 

43-44 

. . 351 

5 11 


Total up to April 30, 1844, 4118 14 llj, 

or averaging 514 Rupees 13 Annas and 10 pie per annum, equal 
to the probable reconstruction of five new bridges. 

149. It is surprising when taking into consideration the state 
of high-water upon the bridges, mdc Appendix B., how rafts 
could ever have been forced through them ; such however was the 
case, although with much wear and tear to the masonry of the 
arches — latterly however, whether from the markets on the line 
of the Canal being overstocked, or from the inconveniences of 
passage, there has been a falling off in the transit duties. 

150. The levels of the Canal bed, as shewn in the longitudi- 
nal section attached to Appendix A., vide the dotted line, would 
in all probability be the actual bed which the Canal would form, 
were its course in a straight line ; thus however, not being the 
case, and as every deflection from the direct line act^ as a Dam and 
hull, in a greater or less degree ; the true level which tlie Canal 
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will iiltiin:it(‘ly take up, may he somewhat modified; at any rate, 
until the ellect ol’ the stream U])on the deposits is cdearly exhibit- 
ed, it uotildhi* unwise to comimaice the re-constriiction of bridges; 
it being however most desirable both for the free passage of the 
stream, and for that of rafts, that some improvement should be 
made, I reeonmumd that the following operations be immediately 
undertaken. 

151. 'I'he aieiies both of the centre and side upcnhi^s to be 
removed fiom the billowing bridges : — 


1. 

Kill hit [)oor, 

7. Manuk poor. 

2. 

Abha. 

8. Ki hra Ciudai. 

3. 

iMynpoor. 

9. Ky] Shikarpoor, 

4. 

Ibihmunmajra. 

10. Tirwa. 

5. 

Ihionjna. 

11. Jhmderi. 

5. 

Rerivheii. 

12. A' 13. N. and .S. Bynswal Bridgi'. 

is 

partuuilaily desir 

able to remove tlie arches liom thi' side 


as well as eeiUu’ o))enings to give an inereasi'd and less imj)e(U‘d 
water-way. 'I’he jneis aie then to hi* raised, and a wooden ])lat- 
i’orm ri'sting on timbrn's to lie contrneled upon tluan, it will be 
advisable p. ihaps to raisi* the pieis to such a, height that tlu* under 
part of tlu' timber sliould not be less than 3 or 4 feet above high- 
water ni.irk. 

152. Th(‘ total cost of this alteration w'ould he about 3,900 
Rupees— allow mg at a rate of 300 Kupc'es per bndgi — I sliould 
recommend that tlu' timbers be neither sipiared nor cut, but that 
the whole of tlu' wooden superstructure should be loughly, al- 
though stiongly lixe:l, so that when the time for permanently re- 
constructing the budges arrived, the timber might he benelieially 
disposed of elsew here. 

153. In re-constructmg these masonry bridges, I should re- 
move the side» openings altogether, and design the new work in 
one span as at Biusa w ith a towing path ; south of Berklieri, this 
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span l)e reduced to 28 feet. Counter-arclics and curtains 

are to be recoinineiHled. 

1 5 K The alterations abov^e proposed, would tbnnv the wliole 
(}f the line from tlu' bead to Bynswal open for rafts, wlueb in the 
present state of things is sufiieient for all the navii^ablc wants of 
.the ('anal. 

15,5. Tlu; raising of embankments on tlu' w'hole line from the 
Nowrimgpoor Bridge to the point where the Shamli Nulla leaves 
(he Canal, has been very extensive, especially noitli of Abb.'i, and 
lit'tween 'I’lrwa and tlu' Shamli (Outlet, this work has been carried 
on in the face of very great diflicnlties, and I am bound to pay a 
eom])liment to the memory of an overseer now dead, Mr. Sub- 
(airuUictor Petrie, for tlu' indc'faligable zeal and labour shewn by 
linn in maintaining the banks, and keeping up tiu' Canal supply at 
a tune when tlie silt deposits weie forming so rajudly, and on such 
I'Xtended hues, (bat it was only by tlie gieatest industry that tlu' 
iii.itter could be kept in its jiroper channel. 'J'hese embank imaits 
may now bi‘ s.iid to be completed ; for the last two years no 
lirraebes liave occurred, and I am satisfied that the sums of moiU'V, 
1.11 ge .'is they are, which have liom first to last been expended 
upon them, will be a source of regret to none of my successors. 


SECTION VII. 

Fnvn the Bynsival Cliofci to the Kandla Choki. 

l.')(). 1 have in my last section described the south Bynswal 

Bridge which is situated about a mill- from 

K.ijbuna. 

the Choki. Immediately north of this 
l'ndg(\ and on the east bank, the Oorhni Iv.ajhuha leaves the Canal — 
dlls water-course extends to a distance of four miles passing tlu‘ 
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Shamli Nulla by a aqueduct, and terminating on high land on the 
left bank of the nulla ; it delivers water for irrigation on the Shamli 
and Bunnut Estates with every advantage to the cultivators, It 
was built at the expense of Government, on estimates sanctioned 
previously to 1830, for the construction of Dams on the line of 
the Sliamli Nulla*. The a(jueduct is a sound and well constructed 
building, the water channel has a capacity in transverse section of 
10 superficial feet, the width of the top 3, bottom 2 and the depth 
4 feet : the bed of this channel is elevated above that of the nulla, 
10 feet — since the work was finished the bed ot the nulla has silted 
up about 2 feet — ^the water-way however is ample, being 16 feet, 
divided into two openings of 8 feet each. The Rajbuha terminates 
at a bridge built over the high road between Suharunpoor and 
Shamli ; there is a 2nd class Choki at this point, the internal dimen- 
sions of which are 14 X 10 feet. Between the terminus of this 
line and the Kirsunni River at Bunnut, the fall is very great,* and 
ample means are offered for establishing Corn Mills or other 
machinery should the loss of water be hereafter a matter of no im- 
portance. These works were constructed by Lieutenant Napier in 
1833-34, at an expense of Rs. 2,070-12-2. 

Mundlat^ Shamli Meerut^ Shamli Kifrana, and Lalooen Bridges, 

157, On referring to the longitudinal section of the Canal le- 
vels, it will be observed that opposite Shamli the declivity of bed 
as originally projected was exceedingly small, with a rapid fall 
in advance towards Khundraoli. In the plan which was proposed 
by me in 1837 for the correction of the slopes, and reducing them 
to some degree of uniformity. It was determined that all the line 
opposite Shamli should be lowered (and the bar of earth removed) 


• From the flooring of the Gorhni Aqueduct to the bed of the Kirsunni river 
under Bunnut, a distance of 2^ miles, the fall is feet. 
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as shewn by the dotted line — the immediate removal of this bar 
appeared to be of importance, as it would give the deposits which 
had establislied themselves ahooe, an inclination to move fonvard — • 
the clearing away of the bar however was impossible, without 
shutting the Canal for a period, which would have interfered with 
irrigation, it was a matter of no difficulty however to re-con- 
struct the bridges and lower their floorings to the proper level, 
after which opportunities might be taken of clearing out the 
bed of the Canal at times when the Canal was closed. During 
the year 1837-38 — the four old bridges at Mundait, Sfianili nortli, 
and Shandi south, with that at Lalooen, were removed, and new 
works built, with single spans of 25 feet, with counter-arches and 
curtains as before. These works are I believe in good order, 
they were built by Sergeant Petrie, but the same defect as that 
l)ef)re explained which appears at the Myhee and Bursa bridges, 
arose in the removal of the centerings at the Shandi south Bridge, 
where the settlement to the crown has led to an unseemly flatten- 
ing to the curve. 

158. The Shandi Mills, situated at the head of a ravine close 
by the town of Shamli, are supplied from two outlets from the 
Canal, one near and south of tho Mundait, and tlie other north 
and close to tho Shamli north Bridge. The Mills which are a- 

dapU'd to two sets of stones for grinding 

Shamli Mills. „ m ^ , 

corn, are at a distance ol one mile iroin the 

Canal. The object in having two heads, is to admit of the silt 
being cleared from one wliilst the other is in use, and by these 
nutans keeping a constant supply of water upon the Mills : the 
tail water escapes into the Shamli Nulla. The silt deposits firm- 
ed by this tail water have been great, they have completely 
warped up a large tank through which the cut was conducted, 
but they have lately diminished in extent, and by an occasional 
clearance will be easily corrected — the Mill channvfls at tlie points 
where they leave the Canal are also much incommoded by silt, 
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especially at the lower one, where the mountains of sand already 
collected are enormous, I have tried in vain to make the work- 
ing parties throw the sand (when excavated) in rear of the banks, 
so as to form an esplanade, and get rid of the untidy appearance 
caused by irregular heaps — the evil however is not in the .ap- 
pearance alone; as in the case above alluded to, the passage 
along the cut is prevented by the heaps of sand, which in some 
places have been piled up in the plantations until the stems of the 
frees are buried. There arc two small masonry bridges on the 
lower Mill supply channel that require repair — with this excep- 
tion the buildings are perfect, they were constructed under the 
immediate eye of Lieutenant Robert Napier, of the Engineers, in 
1831-32, at a cost of Ks. 2,398-14-3, and are in my opinion 
amongst the best of the Canal works. 

Kheeri Outlet, 

159. South of and close to the Shamli south Bridge, on the 
east bank is the Kheeri Outlet or escape — a most ('fticicnt work 
for the purposes required ; it consists of two openings of 6 feet 
wide each, with overfalls and an inclined plane to the bed of a cut 
connected with the Shamli Nulla. I regret that in the design for 
this work a larger water-way had not been given, should such an 
improvement ever be contemplated I would recommend two addi- 
tional openings similar in size to those already built — an arrange- 
ment which would admit of the Canal south being laid dry with 
much greater rapidity than at present. The difference of level 
between the Canal bed and that of the Shamli Nulla, wdiich is 
close by, is upwards of 14 feet; the nulla has a deep, spacious 
and well defined section, increasing in size as it approaches the 
Kirsunni river, and is capable of holding .any quantity of water 
that may be tin own into it by the Canal, without that interference 
from silt deposits which has ruined the escapes at the Pandhoi, 
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Kirsunni and Shamli Heads, which were originally projected. I 
may here refer to my first Report on the Ganges Canal, paras. 84 
to 89, on the subject of escapes, and the evils to be apprehended 
from establishing them at points where the declivity of the bed of 
the nulla into which the water is thrown is either small or less 
than that of the Canal channel. Tlie Kheeri Escape is situated 
at the head of the southern division of the Canal works, and pro- 
vides a perfect control over the supply to the Overseer of the 
Division. From the difference of level between the Canal and 
Escape side of this work, the water has a natural tendency to get 
under the foundations — these ought therefore to be carefully 
watched and protected both in front and rear — as the soil however 
is good, every security for stability is naturally oftered — the in- 
terior slopes of the Canal however, both above and below the 
bridge, as connected with the outlet, ought to be piled, as the 
action of the current when the escape is in full use, upon the 
slo})es and sides of the Canal is very severe. This work was 
built by Mr. Sub-Conductor Brew. 

Kheeri Choleic Second Class* 

IGO, There is a second class Cboki at these works similar to 
tliat at Rundolc, a circular room 20 feet in diameter, thatched — 
this room has been divided by me into two semi-circular apart- 
ments, so that accommodation may be provided for an European 
Officer ; the establishment of an escape at this post, having raised 
it to one of importance. 

North Khundraoli Bridge, 

161, The north Khundraoli Bridge was built in 1835 at a 
cost of Rs. 835-10-8, it consists of a span of 23 feet, three of 
which is occupied by a towing path. The watcjj at the present 
time stands high upon the arch, but not sufficiently so as to in- 
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terferc with navigation — ^the work is in good order, and requires 
no remark. 


South Khundrnoli Bridge, 

1G2. The sm\th Khundraoli Bridge was built previously to , 
1830 — it consists of one arch of 18 feet span. The masonry of 
the arcli lias been injured by rafts, but in other respects the 
bridge is, I believe, in good order. The water-way however is 
contracted, and the height at which the water now stands is an 
impediment to rafts. As this bridge and another at llomalla 
(hereafter to bo described) arc the only ones which interfere with 
the passage of boats from the tail of the Canal at Selimpoor to 
Shamli, I should recommend its re-construction on a plan similar 
to that of the northern Khundraoli Biidgc — but with the intrados 
of th(i arch more elevated, 

Khundraoli Chokt^ Second Class, 

163. Near the bridge last described is a second class Choki in 
every way similar to that at Rundole. 

Punjokri Bridge, 

164. The Punjokri Bridge is similar to that described in para. 
162, but with a narrower roadway — it was built previously to 
1830, and is in good order, 

Kandla Bridge and First Class Choki, 

165. The Kandla Bridge is exactly the same as that descri- 
bed in para. 163 — it was built previously to 1830, and requires no 
remark — the first class Clioki is similar to those before mentioned. 
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but with a flat roof to the centre room, this building is in good 
repair. 

Embankments. 

16G. There has been a good deal of bank raising, between 
.Bynswal and Kandla. From the former place to a point north of 
the Mundait Bridge, the embankments have been much raised and 
strengthened, tlie soil at some places however is impregnated wiih 
an alkali (which will neither admit of its binding, nor of the growth 
of vegetation upon it,) and is not to be depended upon. From 
Khundraoli to the Punjokri Bridge also there has been heavy em- 
bankment work, especially south of Khundraoli, and opposite the 
village of Futtipoor — at this time however these banks arc in good 
order and fully ca]>!d)le of maintaining the Canal supply. 

Kandla Rajhuha. 

167. About half a mile north of the Punjokri Bridge and on 
the west bank, the Kandla Ivajbuha leaves the Canal, this line after 
contmuing its course for five miles divides itself into two branches, 
the one towards Loonb through which Instate it is carried towards 
Hcewa, Mcerpoor, &:c., and the other towards the northern boun- 
dary of the Kirthul Estate. 

Buheesa Bajbuha. 

168. The head of the Buheesa Rajbuha leaves the Canal on 
the east bank, immediately north of the Kandla Choki — it con- 
tinues for 3^5 miles to the boundary of the Khunyan lands. The 
shareholders of the Kandla Rajbuha ought to be made to build a 
second class Choki on the general Canal plan at the head of their 
line— the mud building at present existing is a deformity ; this 
remark applies to other Rajbiihas also south of Kandla, and will 
he referred to in the chapter on Rajbuha irrigation. 
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SECTION VIII. 


Kandla Clioki to the Barote Choki. 


169. With the exception of the north Baoli Bridge the whole 

of the bridges on this section as noted, in the margin, were 

built previously to 1830— they are on the 

Nalla same model as that at Kandla, with a span 

Kuknpoor and 2nd class of 18 feet, counter-archcd, and with curtain 
Cnuki. 


Romalla llridf'c, 

Bural ditto and 2nd class 
Choki. 


foundations— they are in good order and 
retjuire no remark, further than that the 


Baoli north Bridge. 
Ditto south <htlo. 

North Harote Bridge. 
Central ditto. 

South or Burrowli ditto. 


Romalla Bridge requires to have its arch 
removed, and superstructure heightened to 
admit of the passage of rafts ; I should 


recommend that this be done immediately, 


and at the same time as that referred to at Khundraoli in 


para. I(j2 ; the Canal will then be available for boats and rafts 
on the whole line from Sliamli downwards. The plan which I 
should adopt in restoring the bridge would be similar to that which 
was formerly practised at the Lawalpoor Bridge, viz. to remove 
the arch, and build one new pier in rear of one of the old ones, 
leaving the old one as a towing path — this would give a span to 
the new arch of 22 feet — the increased height to the pier would 
depend on the highwater mark, but the crown of the arch ought 
to be at least 4 feet liigher— a curve drawn on a true ellipse, 
gives a great height to the haunches, and is therefore preferable 
to that described on three centres, which has alw^ays an awkward 
appearance. The north Baoli Bridge was built in 1832, at a 
cost of Rupees 864-11-9— the span is 20 feet, deducting 2^ feet 
for the towing path ; the style of foundations and design of 
elevation aie the same as those before described. There are 
2nd class Chokies at Kukripoor and Bural similar to that at 
Rceree. 
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Bunhera Rajbuha. 

170. South of the Bharsi Bridge on the east bank, the Bunhera 
Rajbuha leaves the Canal, it joins the main line described at para, 
108, after extending through a course of about Ij miles near 
Khunyan. 


Klrthul Rajbuha* 

171. About halfway between the Nalla and the Kukripoor 
Bridges, the Kirthul Rajbuha leaves the west bank of the Canal, 
kcc])ing to the boundary, separating the estates of the two villages ; 
its course at present docs not exceed a mile in length, but it was 
intended eventually to connect it with the Kandla line, and ultif 
niately to make it a link of a chain of Rajbuhas terminating in 
that of Khekra. 


Bujwarra Rajbuha. 

172. The Bujwarra Riijbulia which extends for 20 miles running 
centrically between the Canal and tlic Ilindun and the Kirsunni 
rivers, leaves the Canal north of the Bural Chokion the cast bank. 
This is the main trunk of a system of irrigation, which will when 
completed, introduce the benefits to be derived from the C^nal 
Water to the whole tract of country to the east bounded by the 
Ilindun river — a Choki similar to that which has been built on the 
Jalalabad line at Bunhera, has been constructed at the head of the 
Bujwarra Rajbuha. This water-course was opened in January, 
1842. 

Bujrvarra Rajbuha^ Second Head. 

173. A second head or feeder to the line described in the last 
paragraph leaves the Canal on the northern boundary of the Baoli 
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lands between the Bural and north Baoli Bridj^es, after a course of 
three miles, it joins the main trunk in the lands of Bujroul. 

Loen Rajbuha. 

174. The Loen Rajbuha leaves the Canal on the west bank, 
south of the south Baoli Bridge — it extends for a mile, and will 
ultimately form a link of the chain referred to in para. 171. 

BarmvU Rajbuha, 

175. The Burrowli Rajbuha leaves the Canal on the west bank 
immediately south, and close to the nortli Barote Bridge, it extends 
for about five miles to the boundary of Beharri and will eventually 
^ct as a feeder to the Khekra line — a 2nd class Choki is situated 
at the point where the Burrowli Rajbuha leaves the Canal, and a 
masonry outlet built previously to 1830 has been taken advantage 
of, as the head of supply. 

Barote First Class Choki. 

170. The Barote 1st class Choki is situated on tlie east bank 
near the centre bridge, it has a Hat roof and is built on the saiiu' 
plan as those before described. 

Embankments. 

177. The raising of embankments on this section has not been 
extensive, and has been confined chiefly to the tract between tlie 
Kukripoor and Bural Bridges — south of Kukrijioor the Canal 
crosses low land, the heads of ravines which drain into the Kirsunrii; 
at this point tlie banks have been raised to a great height, and at 
sonic points are 10 to 12 feet above the surface of the country— 
the lands to the west of these high embankments have been entirely 
cut off from the ravines which w'crc their natural line of drainage, 
and on one occasion, the falling of a tree on the west bank (which 
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had improperly been allowed to stand within the limits of the 
external slopes of the banks) over the channel of the Canal, led to 
a breach on the west, which flooded an enormous surface of coun- 
try, and although the damage done to crops was fortunately in- 
considerable, the danger to be apprehended from a recurrence of 
bank breaking at a spot where the country was.richly cultivated, 
led to the design of a masonry tunnel under the Canal, for the 
purpose of securing an escape for water (under accidents of 
this sort) to the ravine heads and ultimately to the Kirsunni 
river. 


DIAGRAM 14. 



178. The above diagram will shew the position of the Canal 


o 
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with the drainage towards the Kirsunni river. The low ground 
marked A is of considerable extent, richly cultivated, and to all 
appearance free from either jheel or stagnant water, the soil is, I 
imagine, capable of absorbing rapidly, and when water collects it 
passes off down the boundary ditch of the Canal, and at other points 
on its southern bpundary — after the accidents above alluded to, 
however, the whole of this low ground was a sheet of water as far 
as the eye could reach, although fortunately it occurred in either 
October or November, when the ground was preparing for the cold 
weather crops, and only a small portion of the surface had been 
sown. The masonry tunnel would be established at some point 
north of the Eomalla Bridge, where the country is high, and where 
during the operations the Canal could be turned into a new 
channel. The Kirsunni river which is at a distance of three miles 
runs through a deep valley, and the fall between the Canal and 
the bed of Uiis valley is very great — the proximity of the ravines 
to the Canal moreover would reduce the expense of the excavation 
of the escape channel greatly — if therefore a cut was made leaving 
the hollow A at its deepest part and carried under the Canal 
towards the ravine head as shewn by the dotted line in the diagram, 
the hollow would be protected from inundation under any accident 
that might occur to the Canal embankments. Should the Khecri 
Escape be hereafter considered at too great a distance from the 
lower regions of the Canal, another might be established near 
Kukripoor; the ground is favorable to such an undertaking, but it 
would be necessary to watch the action of the water on these ra- 
vines, and prevent them from retrograding ; a circumstance wdiich 
the excessive slope of country would greatly facilitate. Great 
pains have been bestowed on the embankments south of Kukri- 
poor, all trees situated within the limits of the internal slopes of 
the banks have been removed, and I believe that with the usual 
repairs, and protection from vermin, they will remain sound and 
perfect. 



JOOAB CANAL. 


107 


SECTION IX. 


From the Barote Choki to the Deola Choki. 


Lowalpoor bridge, 
liicliperi ditto and 2nd 
class Choki. 

Basode ditto. 

Deola ditto. 


170 . The south Barote or Barrov^li Bridge has heen described. 

in the last section, this is situated about a 
mile below the Choki ; in advance are the 
Lowalpoor, Bichperi, Basode, and Deola 
Bridges — the three latter consisting of one 
span of 16 feet wide, with foundations as 
before described curtain and counter-arched — the Lowalpoor 
Bridge* had its arch raised 3 feet in 1837, and in making this 
alteration the plan described in para. ICO and recommended for 
the Romalla Bridge was adopted — the present Lowalpoor Bridge 
therefore consists of an arch of 20 feet span, including the old 
pier as a towing path— the work is in good order, and retjuires no 
further remarks. 


Bichperi Second Clais Choki, 

180. There is a 2nd class Choki at Bichperi, similar to that 
at Reeree. 


Khekra Rajbuha, 

181 . At a short distance south of the Lowalpoor Bridge and on 
the west bank is the head of the Khekra Rajbuha, with a 2nd class 
Choki attached similar to that at Bichperi. The Ludwarri Raj- 


• The distance between the south Barote and the Lowalpoor Bridge is about 
4 miles, and as the intermediate estates of Pulhera and Adureespoor are divided 
into two portions by the Canal, I would recommend that a bridge should be 
built, the situation of which should be on the boundary separeiing the lands of 
fniher.tand Adureespoor, 
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buba also leaves the Canal at a point near this Choki. Both these 
lines are very effective for irrigation, the former after extending 
through a course of 19 miles rejoins the Canal through the Che- 
rouri inlet, south of the Sookulpoor Bridge and falls, the latter is 
a short line of about 4 or 5 miles irrigating the lands of Suroor- 
poor and Ludwarri. At the point where these Rajbuhas leave the 
Canal there are other temporary water-course heads, these ought 
to be closed and some arrangement made for uniting them with the 
Ludwarri Rajbuha, and giving one masonry head for them all. 
The head of the Khekra line is a good masonry building, cap- 
ped and grooved with stone, the silt however which has deposited 
itself in the Canal since the construction of this head, has given the 
work an appearance of having been built on too low a level — when 
the silt is cleared away however this will prove not to be the case. 
The Khekra Rajbuha was opened in November, 1837. 

182. Between the Lowalpoor and the Bichperi bridges at a 
distance of about half way, the boundaries of four villages Kyam- 
poor Ghuteena, Dhodera, and Sydoolanuggur unite or come very 
closely together; there are two or three ghats on this line which 
are not only a great disfigurement, but are a positive evil in lead- 
ing to injury to the embankments and in filling the channel with 
rubbish, I therefore recommend that a new bridge be built at the 
point where the four village boundaries come in contact, roads be 
made from each estate to the bridge, and all the ghats between 
Lowalpoor and Bichperi be stopped. It is necessary to connect 
the bridge with each estate by roads, otherwise there will be diffi- 
culties made by the Zumeendars, who always endeavour to main- 
tain bridges built on their own estates, and at a distance from 
high roads as private property, built for the sole and special 
convenience of the village. 

Khekra Rajbuha, Second Feeder. 

ft 

183. South of and close to the BichpeM Bridge, on the west 
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bank, is a second feeder to the Khekra Rajbuha, it leaves the 
Canal through a masonry outlet built previously to 1830, consist- 
ing of a centre arch of six and two side ones of 3 feet wide each 
— tin’s outlet is similar in every respect to that at Barote desciibed 
in para. 175 as converted into the head of the Burrowli Bajbuha, 
the feeder joins the main line in the lands of Pootliee, after extend- 
ing through a course of 21 miles. 

184. Near the village of Chopra, about half way between the 
Bichpcri and Basode Bridges, the Ilusaoda Rajbuha leaves the 
past bank of the Canal, tliis is intended as a feeder to the Bujwarra 
line, and is in length about 5 miles. 

Deola Rajbuha* 

185. Immediately north of the Deola Choki, on the east bank, 
the Deola Rajbuha leaves the Canal, this is another feeder to the 
Bujwarra line, and is three miles in length. 

Embankments. 

ISO. The banks in the neighbourhood of Lowal poor, as well 
as north of the Deola Choki, have been raised considerably since 
1830, and as the silt deposits are constantly changing their posi- 
tion, the high-water mark is somewhat uncertain on the greater 
part of the whole line, the embankments nevertheless are in capital 
order, and during late years have merely required occasional 
repairs, 

Deola First Class Choki and Mango Graft Plantations. 

187. The Deola 1st class Choki is similar to that at Barote 
with a flat roof, and attached to it is a mango graft plantation of, 
Hve acres. ^ 
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SECTION X. 

From the Deola Choki to the Surrowli Choki^ Khutta Bridge 
and Second Clan Chohi. 

188. The Khutta Bridge, which is situated three miles south of 
the Deola Choki^ is built on the same model as that at Deola but 
with the roadway of 12 instead of 15 feet, it has one arch of 16 feet 
span — the 2nd class Choki is the same as that at Bichperi, 

Dhukowli Rajbuha. 

189. North of this bridge and on the east bank, the Dhukowli 
Rajbuha leaves the Canal and acts as another feeder to the Biij- 
warra line of irrigation —the length of the Dhukowli Rajbuha is 
two miles. 

Muhrumpoor Bridge, 

190. The Muhrumpoor Bridge has one span of 20 feet in widtli 
including a towing path of 2^- feet— on its upper face tliere arc 
ghats 20 feet in length attached to the bridge on botli sides of the 
Canal, the ghats are pierced with channels connected with reser- 
voirs, situated in rear of the embankments, both above and below 
the bridge ramps, as shewn in the following plan : — - 

DIAGRAM 15. 
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a: a: being the reservoirs supplied from the outlet B by under-clian- 
nels as dotted in the diagram. The advantages proposed by this 
arrangement, were to give water for irrigation on both sides of 
the road without interfering with the roadway, and at the san;e time 
to retain all benefits arising from afflux, to the supply of the reser- 
voirs, the arrangement was moreover compact, and the outlets 
under control. The plan does not however appear to be approved 
of, the channels get choked with silt and the slopes of country 
don’t admit of a free flow to the water in the water-courses. I 
have no doubt, that were a Rajbidia or line of irrigation carried 
out on proper levels from the reservoirs situated on the south of 
the bridge ramps, the evils complained of would cease. This 
work was built in 1832 at a cost of 7C4 Rupees. 

Burragaon Bridge. 

101. llie Burragaon Bridge is similar in every respect to that 
at Klmtta. 


Mohamkpoor Bridge. 

192. The Mobarukpoor Bridge was built at the same time as 
diat at JMuhriimpoor, and on the same model, the same remarks 
apply to it in every way. 


Rutoul Bridge, 

193. The Rutoul Bridge has one arch of] 5 feet span, and its 
t>tyle of construction is similar to those luiilt previously to 1830— 
attached to this bridge is a 2nd class Choki, similar to that at 
Khutta, 


Surrowli Rajbuha. 

« 

194. North and close to the Rutoul Bridge, the Surrowli 



11 ^ 


DOAB CANAL, 


Rajbuha leaves the Canal on the west bank — this Rajbuha is four 
and a quarter miles in length, and falls into the Canal above the 
Sookulpoor Falls. 

Surrowli Bridge^ First Class Chokij Workshops, and Mango 
t Graft Plantations, 

195. The Surrowli Bridge is similar to that at Rutoul, and the 
1st class Choki the same as before described, with a flat roof. 
Attached to this Choki is a yard with carpenters’ and smiths’ 
shops, and a mango graft plantation, occupying about 5 acres— -a 
masonry well was completed for tlie use of the yard and establish- 
ment in 1844. 


Kotwalpoor Rajbuha, 

196. The Kotwalpoor Rajbuha leaves the Canal on the cast 
bank at the Surrowli Bridge, by a masonry outlet pierced through 
the north wing wall, and passing oblicpiely through the ramp ; this 
arrangement gives the water-course the advantage of high levels, 
and is in every way compact, as well as effective. The Kotwal- 
poor Rajbuha keeps its course over the high lands to the east of 
the Canal for 7 miles until it reaches Mundowli, a village on the 
edge of the Khadir, at this point the water eseapes down the high 
bank and passes off to the Jumna. 

Embankments* 

197. The embankments between Deola and Surrowli have 
undergone much alteration since the Canal was opened; in 
the neighbourhood of Kliutta they have been raised, but to no 
great extent,, and at the present time the whole line is in good 
order. 
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SECTION XL 

From the SurrorvU Choki to the Selimpoor Choki and the Jumna 
River, 

198. About 2 miles south of Surrowli tlie descent into the 
Kliadir or low lands of the Jumna, is gained by three descents or 
falls, which were built in 1833-34 by Serjeant and Overseer Brew. 
At the village of Sookulpoor, a bridge with one arch of 15 feet 

span was built previously to 1830 — to this 
additional one of the same span was 
added, the front foundations of the old work 
were protected by a curcain wall, sunk in front to a depth of 10 
feet*--and falls and chambers were constructed to the rear. The 
work now consists of two spans of 15 feet wide each, with side 
passages of communication along the berm. The eastern chamber 
is locked, and the tail well protected by piling and blocks of the 
quartzose sandstone from Delhi — attached is a Choki similar to 
that at Kutoul. This work is in good order, and requires no re- 
mark. 

Silcrani Falls and Lock* 

199. The Sikrani Falls and Lock are similar to those at Soo- 
kulpoor, there was no bridge at this spot originally, the work 
therefore is entirely new. Both here and at Sookulpoor the de- 
scent or difference of level between the sill and flooring of chamber) 
is 8 feet. A Choki corresponding to that at Sookulpoor is attach- 
ed to this work. 


Jaoli Falls and Lock* 

200. The Jaoli Falls and Lock have only a descent of feet. 
Here, as at Sookulpoor, a bridge of one span of feet was built 
previously to 1830 — the alterations made were similar to those as 

r 
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(Icscribetl at Sookulpoor— a 2n(l class Choki is attached to this post 
also. 

201. These three works are, I consider, amonjrst the host on 
tile Canal — at Sookulpoor the foundations rest on jrood soil, hut 
at Sikrani and .Taoli this is not the case, they are however sunk to a 
considerable depth, the tail curtain wall being 12 feet and the 
revetments being 4 feet deep, the flooring of the chambers are 
counter-arched, and the style of building altogether massive. 

202. On the revetnnaits to the west, an inlet and outlet have 
been arianged for mills, should such he hereafter rerpiired, the holes 
are now blocked up, hut the masonry can he removed. The inlet 
channel is constructiHl in rear ol the ahutment of the bridge, and 
the outlet will be found at a distance of 50 feet from the rear face 
of the bridge. 



Chcrouri Inlet. 


203. On the west hank, south of, and near the Sookulpoor 
Falls, is theCherouri Inlet, which I have in the 181 para, describ- 
ed as the tail of the Khekra Uajhuha. This inlet with a width 
ol water-way of 0 feet, w^as built previously to 1830, it was neces- 
sary therefore when the falls were made at the bridge, to lower the 
flooring of the inlet, the depression required was 5 feet; Mr. Brew 
made the required alteration by under-building, without removing 
the superstructure, a work that was most successfully performed 
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in 18.'33. There is a heavy rush of water into tlie Canal tlirough 
this inlet during tlie rains, and Irecjuently nmeh cutting av\av of tlie 
opposite hank — this has been protected by piling, hut it rcipiires 
to he carefully watched and looked after. 

Jaoli Escajje. 

204. Immediately north of tlie Jaoli Bridge on the ^\e.st i>nnk, 
IS an outlet to the Ranup Tank ; the line has merely been exca- 
vated and cleared out, and no masonry escape has been made ; I 
have preferred leaving an opening in the bank to admit of a Iree 
escape, as the Hoods during the rains, arising in a great measure 
fiom the inb‘t, at Cherouri are very severe, and, coming do^^^ m 
foice upon the falls, might do injuiy. 

Jxrmnp and its I'ulno, 

20a. The escape towards Ranup was in all probability tlu' ori- 
ginal course of a cutfrom the Canal, to lill the lake at that place. 
This lake or tulao has been formed, by building a massi\e n^vet- 
inent fitted with sluices across the bed of a valley, so as to la gulati* 
th(> lu'ight of the water. The revetment is built of laige sonaie 
hh)cks of the Delhi rock, with ghats or steps at intervals. It ex- 
tends for perhaps half a mil(‘, ottering a concave outline towards the 
water — •numerous buildings and the remains of a palace an* attach- 
ed, and the revetment backed, as it is by an esplanade of earth, 
w ith groups of large mango trees scattered about in its neighbour- 
hood, is a very striking object. A good deal of this nolile work 
IS in very tolerable repair, but portions of it have fe.llen down, and 
the stone has been removed for other purjioscs. 

Gokulponr Bndi^c and Escape. 

200. South of Jaoli is the Gokulpoor Bridge and T'seape; this 
^'ork was built previously to 1830, hut was altered in 1830 by 
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raising the arcliea and piers to a height of .3 feet — it consists of two 
arches of 15 feet each, with foundations protected by curtains and 
countermarches. The east arch carries the Canal in a straight line 
towards tlie Jumna — the west arch is the escape into the Gcounda 
Nulla — these two lines are separated on the southern face of the 
])ri(lge, hy a wall^ 40 feet in length — the escape is regulated by 
sleepers. 

207. The distance between the Jaoli Falls and the Gokulpoor 
Fridge is four miles, and the want of a bridge in the intermediate 
distance is much felt — this would be best constructed near the vil- 
lage of Behta, at which place there is a ghat, that is a constant 
source of trouble and expense. 

Gokulpoor Second Class Choki, 

208. There is a second class Choki at the Gokulpoor Bridge, 
similar to that at the falls above. 

Selimpoor Bridge, 

209. From the Gokulpoor Bridge to tliat at Selimpoor, the 
Canal has been excavated on a perfectly straight line for 10,828 
feet. The bridge at Selimpoor was built previously to 1830, and 
has one span of 15 feet with its foundations, protected by curtains 
and counter-arches — as this is the crossing for the high road 

Hoail between Meerut, between Meerut, Aligurh and Delhi, the 
Ah'muh and Delhi. roadway was made 18 feet wide instead of 

15, as w'as the case in all otlier instances where main lines were 
crossed, 

'J’hcrc are mills for grinding corn attached to the southern face 
of the Selimpoor Bridge, and connected with it by a line of 

Selimpoor Mills. masonry ghat, on a width sufficient to 

admit of two piore mills should such be called hereafter, these 
mills terminate in a chamber with revetments similar to those 
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tlie falls above described. The mill houses are situated 
un the right and left of the Canal channel, each liouse con- 
taining two sets of stones ; at tlie rear of each house are store- 
looms. Tlie Mill Dam is formed by throwing sleepers over the 
main channel immediately south of the. mill shoots, and at the liead 
of a descent (constructed in the form of a series of steps) of G4 
inches, which delivers the water on a level with that of a branch 
connected with the Jumna Kiver. The foundations of the whole of 
these buildings although in sand, are massive; and the tail walls 
me sunk to a depth of 8 or 10 feet, protected in front by large 
masses of Delhi rock — they were built by Serjeant Brew iu 1832, 
at a cost of Us. 4,792-15-0, since which period they liave rciiuired 
little repair, and at this time arc in capital order. The buildings are 
flat roofed with masonry terrace, and the greater part of both the 
liouses and the Canal channel is built of the small native brick with 
lime cement. Additional mills might be constructed at this place 
with great advantage to the Canal revenue. 
Sclimpoor Clioki 1st North of the britlgc is a Choki 1st class. 

At the time when the mills were under 
construction, this Choki which was a single circular room of 20 
feet diameter, was enlarged by the addition of a verandah, including 
store and Chokidar’s rooms; an improvement which the increased 
importance of the post rendered necessary. Firewood, &c., brought 
down the Canal was here stacked and put up for sale, and the 
constant attention of an European, rendered accommodation for 
him and the establishment necessary. A 
mango graft plantation, similar in size to 
those before mentioned, is situated to the 
north of this Choki on the east bank. 

Emhanhments between the Surrowli and the Selimpoor Chokies. 

210. The embankments from Surrowli to the Jaoli Falls have 
not been raised, but the construction of the Sookulpoor and Sik- 
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rani works, and the deepening of the bed of t!ie Canal channel has 
led to their being much improved and widened out. From Jaoli 
to Selimpoor, however, the raising of embankments has been ex- 
tensive, especially in the neighbourhood of the Behta Jheel, and 
on the line opposite that village— this has arisen in a great mea- 
sure from the arrangement of the Mill Dam at Selimpoor, which 
by throwing a back water and maintaining the surface on a high 
level, has led to an extensive deposit of silt on tlie whole line, even 
into the lower chamber of the Jaoli lock, the fall of water into 
which is now barely visible. The sleeper planks at the Selimpoor 
Mills retain the water to a height of 5 feet above the masonry 
flooring of the Canal channel, the effect therefore on a stream of 
water loaded with silt as that of the Doab Canal is, may bn easily 
imagined — it is singular, however, that the scour arising from the 
removal of these sleepers when the mills are not at work, is so 
slow in its action, that for weeks alter the channel has been 
thrown open, it does not appear to inlluenco the deposit situated 
opposite Behta. The Gokulpoor Escape when not in use ts closed 
in the same way as the Selimpoor Mill Dam, that is to say, by 
sleepers ; the upper front of this escape has, after the mills have 
been running for any length of time, a deposi^f at least 5 feet of 
silt upon it ! The consequence therefore of opening the escape is 
to throw an enormous quantity of sand, down the channel towards 
Gcounda, and as the declivity in tlie bed of th6 nulla is small, the 
deposits arising from the sand, lead to inundations and to all the 
evils arising from the passage getting choked up. It is usual 
tliercfore during floods to remove the sleepers at Selimpoor in 
preference to those at Gokulpoor, easing off the water at tlie latter 
by the removal of upper sleepers only. This escape is one of 
great value to the works, as it admits of the Canal water being 

turned away from the Mill channel, when repairs or clearance of 

* 

silt are necessary. 

211. During the height of the rains, and when the Jumna river 
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IS at its maxiinuiTi, not only is the chamber of the mills filled, but 
tlie hack water extends up the Canal channel admitting the pass- 
age of boats from the Jumna— this back water fills the chamber 
of the mill with silt, and to protect the escape channels from the 
mills, which enter the main chamber at its soutlicin extremity, 
sluice shutters are arranged, by the closing of vvlpch the admission 
of silt is prevented, 'i'he buildings at Sclimpoor are very prettily 
wooded, and great attention has been given to the neatness and 
tjtliness of the grounds in their neighbourhood. 

On the Compleliou of the Canal Levels from the BaJpoor I'alls to 
Selimpoor. 

212. A description of the slopes of the Doab Canal, with my 
\iews on the subject, as well as the uses that may be derived from 
tiiniing the Canal to the purposes of navigation, will bo found in 
Appendix A. — X sliall therefore merely state, that it lias not been 
deemed necessary, up to the present time, to regulate the slope of 
the Canal bed, from the lloodhi Jumna Dam to the head of the 
Belka Falls — the heavy declivity on that ling^ occurring at points 
where the bed is protected by boulders and shingle, whilst the 
passage of the rafts (which only move downwards) is not inter- 
fered with by moderate rapids. Sliould the rapids, however, re- 
trograde to such an extent as to render the construction of falls 
necessary — or should it appear advisable to regulate the slope, and 
to give lockage to the Canal from the Boodhi Jumna to tlie head 
of the Belka Falls — the following works would be necessary ; — 
(allowing a slope of 5 feet per mile from the Boodhi Jumna to the 
Kaipoor Bridge, and 24 inches per mile from the Raipoor Bridge 
to the head of the Belka Falls,) two descents of masonry of C feet 
each between the Boodhi Jumna and the Raipoor Bridge, and two 
of 8 feet between the latter and the head of the Belka Falls — the 
uliole of this line however ought to be carefully r^-levelled, and 
the kills and slope projected upon paper before any works are com- 
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mencccl upon. At present, however, there appears to be no neces^ 
sity for works of this description. 

213. 1 rom the head of the Belka Falls to the lower floorings 
of those at Balpoor, the Canal slope has been regidated as before 
described, {vide paras. 84 and 119) and the establishment of fur- 
ther work of this. description in .advance depends entirely upon the 
clearing out of the silt deposits. It must be understood, however, 
that the work which has been done, consists merely in placing the 
sills of the falls on a proper level one with each other, the Can.al 
bed intermediately being left either to silt up, or wear itself away 
as the state of the level may happen to be. I'he clearance out of 
the channel by excavation could not possibly take place without 
either stopping the C.an.al for a period, or turning its course, 
arrangements that were not feasible~it will be found however 
that wherever silting up or raising of bed was required, this has 
naturally taken place ; and where a bar of earth intervenes, a heavy 
wear upon it is rapidly tending to its removal. 

214. In laying down the level of the falls south of Ilulalpoor, 
it was found desirable in practice to modify the slope proposed in 
the plan submitted by mein 1837~this modification led to the 
sill of the Balpoor Falls being raised 21 inches above the flooring 
of the old bridge, instead of meeting it on the same level, the 
figures therefore appended to the bridges for elevation or depres- 
sion of flooring as shown in the sheet of level,* require modifi- 
cation also. In re-constructing or altering any of the intermediate 
bridges, it will be necessary to take the level between the sills of 
the two falls between which the bridge is situated, and then fix 
the flooring of the bridge to be reconstructed on a level propor- 
tionate to the whole fall and the distance at which the bridge is 


• Reference is made to the depression and elevation of floorings as represented 
on the sheets of^evels, these figures having undergone an entire modification have 
been omitted in the lithographed sheets attached to this report. 
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intermediately situated. I should recommend however in all cases 
of this sort, that the flooring should be laid 6 inches lower than 
the truly calculated level. 

215. In advance of the Balpoor Falls, the course of the Canal 
is so tortuous, that it is impossible to say how far the natural slope 
of the Canal bed will be thereby ultimately affected — it will be 
seen by my section, that presuming that the course was straight, 
and that a certain slope was given between Balpoor and Kandla, 
four falls of 4 feet each would be required, viz. 

One at Rampoor. 

One at Kullurpoor. 

One at Poojna. 

One at Kheera Gudhai. 

It was originally proposed, that the slope of the Canal bed from 
Balpoor to Poojna should be 24, and from Poojna to Kheera Gud- 
hai 22 inches per mile. For the same reason that led me to modify 
the slopes north of Balpoor, viz. the disinclination to interfere 
with water-course heads, I should recommend a similar arrange- 
ment south, and would continue the slope from Balpoor to Khee- 
ra Gudhai at 23 inches per mile. It appears to me doubtful from 
the effect that the twists in the Canal have upon the bed, whether 
the falls at either Poojna or Kheera Gudhai will be necessary, but 
the Rampoor and Kullurpoor ones may, I think, be looked for- 
ward to within the next few years, and it would be advisable at 
both these points to collect bricks immediately. I am led to make 
this remark, from the very sensible removal of silt from the 
bridges south of the Balpoor Falls. Should the silt clear out from 
the Canal bed, in spite of the tortuosity of its course, between the 
tail of the Rampoor Falls and Kandla, on the uniform slope showm 
in my section, three bridges only would require raising, viz. those 
at Nynpoor, Tirwa and Jhinderri, and the establishment of falls at 
the four places above specified, would render the whole line com- 
plete ; with reference, however, to the 147th paragraph, and the 
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demand for raft transit that is immediately required, and consider- 
injy the annual returns from such transit, there can be no doubt of 
the desirability of making alterations to all the bridges from KuU 
lurpoor to Bynsvval as described in para. 151. 

216. Every opportunity should be taken when the Canal is dry, 
of getting rid of the bar of soil opposite Shamli, and between the. 
Mundait and Lalooen Bridges — this will be best done, by com- 
mencing at the tail and working backwards, the removal of this 
elevated portion of the Canal bed, would tend greatly to the pro- 
gression of the deposits north of Bynswal. The floorings of the 
bridges above alluded to have been already lowered, as explained 
in para. 157. 

217. In Appendix A, I have given my reasons for not pro- 
posing alterations to the Canal slopes south of Kandla, or from 
the Kandla Bridge to the liead of the Sookulpoor Falls — a refer- 
ence to the longitudinal section where the thin black lino shows 
the present Canal bed, and the dotted one that of an uniform slope 
of 20 inches per mile, will shew distinctly not only that any alter- 
ation of the sort would completely interfere with the irrigation, but 
that with the small quantity of water with which we have to deal 
in this tract, the level of the thin black line of the original project, 
is perhaps the most advantageous one for the purposes of irrigation, 
for which alone this Canal was designed. The embankments have 
already been made to meet the silt deposits and consequent rise of 
the surface of the water in the neighbourhood of Kukripoor, 
R^alla and Barote, the same has been done in the Lawalpoor 
direction — and there appears to be no necessity whatever for de- 
pressing the floorings of the bridges between Biebperi and the 
head of the Sookulpoor Falls, or of deepening that line by exca- 
vation, which would not only he most expensive, and difficult, but 
ruinous to the irrigation of the lands in its proximity. I therefore 
propose, that the deposits on the Romalla and Lowalpoor districts 
should be met by increasing the height of embankments, should 
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such be required, in preference to getting rid of them by cutting 
through the bar extending from Hichperi to the Sookulpoor 
Falls’ head. 

218. With the alteration to the bridges from Kullurpoor to 
Mundait, as well as that to the south of Khundraoli and Romalla 
Bridges before described {vide paras. 162 and the Canal will 
be opened for boats and rafts, for the former from Gundewur, and 
the latter from the Jumna to Selimpoor. 

219. Lock gates have been fixed in all the falls, and w'ill short- 
ly, I have no doubt, come into use. Rafts which, up to the pre- 
sent lime, have been shipped at Manukmow under all the expenses 
of land carriage from the forests, will, it is to be hoped, be floated 
down from the Raj ghat Mundi in the Deyrah Doon. It is extra- 
ordinary to observe the quantity of wood that even without the 
advantage of lockage, has been introduced into the central regions 
of the Canal, almost every main post has its Timber Yard, the 
variety however is chiefly a small rafter denominated “ Kurri^* 
which is used largely in building. 

220. Five boats have been built for the Canal, the uses of 
which (in consequence of the silting up of the Romalla Bridge) 
have been confined lately to the southern districts— their size is 
40 feet in length and 8 feet wide, they draw 24 to 30 indies of 
water : they were formerly employed in bringing grain from Shamli 
to Selimpoor, but have latterly been used for the collection of fuel 
for brick kilns, carnage of firewood, &c. 

221. The transit duties are shewn in Appendix. 

222. In conclusion, I may remark that the main deposits of silt 
have established themselves, precisely at those points in the section, 
which the theory of uniformity of slope would have demanded. 

Embankments^ Roads^ Bunds, ^'C. 

223. In the original excavation of the Doab Canal the embank- 
ments were formed on a scale giving terreplein or width at the 

Ci 2 
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top of 16 feet. They were made from the earth taken out of the 
excavated channel, and where that was not sufficient, external 
trenches were dug to any extent required, but never exceeding 12 
inches in depth, and the edges of these trenches were sloped off to 
enable the cultivators to plough over them. From the Canal Head 
to Suharunpoor tjie depth of section, or that from the top of the. 
embankment to the bed of the Canal, was fixed as a minimum at 
7 feet. From Suharunpoor downwards this depth was reduced to 
6 feet. The excavation was carried on both by daily labourers and 
contractors, the contract including both the excavation of the 
Canal channel, and the formation of the banks. The contract rate 
per 1000 cubic feet was Rs. 1-4-0 from the head to Suharunpoor, 
and Rs. 1-8-0 from Suharunpoor to the tail of the Canal. Had 
there been proper European aid in superintending these embank- 
ments, and seeing that the contractors acted up to their agreement 
in consolidating the earth properly, these rates would undoubtedly 
have covered the expense of excavation, but a single Overseer 
could not possibly give proper supervision to a length of work of 50 
miles, nor could he check irregularity amongst numerous contractors 
with one object only in view, which was to deceive him ; the conse- 
quence was that in many places the banks had to be re-made, and 
in others the action of the annual rains on artificial embankments 
composed of lumps and clods of earth, which had been carelessly 
thrown in by the contractors, led to very heavy expense, and raised 
the average cost per 1000 cubic feet considerably. 

224. Since the opening of the Canal in 1830, all these embank- 
ments have been much improved, and on the line between Nowrung- 
poor and Bynswal, especially, they have been much raised— the 
whole are at the present time in capital order. 

225. I’o maintain a Canal in an efficient state, an open line of 
road along its bank is necessary, this is a rule not appertaining to 
the main channel only, but to every branch or Rajbuha attached; 
without a line of communication the works never will be looked after, 
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and never can be watched, and without those necessary ingredients 
for supervision, matters W’ill not only go wrong in water-course heads 
and works of that sort, but very serious accidents may happen to the 
embankments, without the means of repair being available. Where 
a good road exists, means are offered for a daily patrole along the 
Canal, for a careful inspection of the whole line of works by the 
European officers and others ; accident occurring is immediately 
reported, material is carted to the spot, and in the case of a breach 
to the embankment, the repair is rapidly executed ; a line of com- 
munication moreover throws the whole work open to public inspec- 
tion, and prevents many irregularities, from the certainty of their 
being detected. 

220. To the efficiency of these roads I have always paid great 
attention, in fact from the difficulties that we have had to contend 
with, in raising embankments, the necessity of this efficiency has 
been forced upon me. The east bank of the Canal is maintained 
as the high road from Kulsea* to Selimpoor — the road throughout 
the whole year is kept perfectly clear from jungle so as to be open 
to wheeled carriages of every description, and the berm and slopes 
of the Canal are annually cleared after the rains — in the South Di- 
vision where the line of Canal and the berms are more compact 
than elsewhere, this clearance is most rigidly enforced. On the 
west bank I have been satisfied with keeping the internal slope of 
the Canal clear from grass and jungle; excepting at those points 
where an extraordinary height of embankment, renders a clearance 
necessary to prevent the inroads of vermin ; this species of clearance 
is of importance, in the neighbourhood of Abba and Jhinderi, where 
the banks are high and where otters are numerous. The following 
diagram will shew in section the extent of clearance that I have 


* The road from Kulsea to Rundole is now made on the west bank : that on 
the east having been broken at two points by flood inlet, which* would have been 
expensive in the repair. 
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endeavoured to maintain, I loolc upon this as essential to the care 
of the works, and although 1 have been deterred by expense from 
carrying it out in parts of the Nortliern and Central Divisions, 
where the berms are wide, and covered with higli grass and reeds, 
I have still made periodical clearances so as to reduce the evil as 
much as possible. 



From to or from the rear of the east to that of the west 
bank no trees nor plantations are allowed,* these are confined to 
the strips between the rear of die banks and the boundary ditches 
a a, from x' to y, the surface is kept clear of thorns and high 
grass, &c. The remaining portion, including the berm and the 
west bank, is only kept clear from trees; low jungle and high 
grass are allowed to remain. The road is kept in good repair, and 
the constantly travelling of stone rollers over it, leads not only to 
the temporary outlets for irrigation, (which are fortunately becom- 
ing less numerous every year,) made through the embankments, 
being well strengthened and protected by the cultivators, but to 
the diminution of evils arising from rats, white-ants, Ac. 1 am an 
advocate for the constant use of heavy rollers on these banks, and 
am satisfied that the splendid order in which the east bank or 


• At one or two points I have allowed mango and superior specimens of the 
larger trees to remain standing on the east bank continuing the road round them 
—this is especially the case near Kandia, and near the Nalla Bridge; at the latter 
place on the east bank there is one of the finest Keekur (acacia aiabica) tiees I 
ever saw — ii measures in girth 9 feet, at the height of 4 feet from the ground, and 
is a tree that never ought to be cut until it dies. As the present winds aie from 
(he north west, th% falling of a tree on the east bank during a storin would not 
interfere with the tJanal channel, whereas an accident of the sort occurring to a 
tree on the west bank, would lead to an occurrence similar to that noted in para. 177. 
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road in tlie South Division is always maintained, has depended 
chiefly upon the regularity with which rollers have been used — one 
or two rollers ought to be established on the line between Now- 
rniigpoor and Bynswal ; one of these should run between Nowrung- 
poor and Berkheri, and the other between the latter place and 
Bynswal, the growth of Doob grass is carefully cherished on the 
bank, berms and slopes. 

227. North of Kulsea, the road formerly ran parallel to the 
Canal on the right bank up to the Belka Falls — ^but there has been 
so much cutting away, and alteration to the course of the Canal on 
this line since it was open, that the road has been deserted ; its 
coJirse was through high grass jungle, the Canal channel very deep 
in its vicinity, running through waste land, and with no masonry 
works of any description to be protected. Within the last few 
years, however, the Falls at Behut have been constructed inter- 
mediately between Kulsea and the Belka Falls ; and as the present 
road connecting Kulsea with the Belka Falls passes through Behut 
pnj] at a distance from the Behut Falls (which without going out 
of the way cannot be visited,) I recommend that a road should be 
made as formerly, keeping as closely as a fair alignment will 
admit of, to the Behut Falls, and from thence on to those at Belka ; 
this will enable the inspection and patrol to go on in its usual 
course; if this road is not approved of a Choki must be establish- 
ed at the Behut Falls, whether lockage is used or not, as at present 
tlie work is cut off from all communication except by the road 
from the town. 

228. From the Belka Falls to the Nyashur Choki the Canal 
hank is in capital order, excepting on the line from Gundewur to 
the Nowgong River, where the original bank has been destroyed 
hy the retrogression of levels in the Canal bed ; a good road, how- 
ever, has been made to the rear. 

229. I liavc before explained (para. 2.'),) thalf the Nyashur 
Choki is connected with the Canal heads by good roads which 
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were formerly made at the expense of the Canal. This has also 
been done between, Kulsea and the bunds on the Muskurra, be- 
tween the Hullalpoor and Pandhoi Choki, between Abba and the 
Bunhera outpost of the Julalabad irrigation — in fact whenever I 

had the means, either in money or in work 

Bunhera outpost. 

people, I have made it a rule to connect 
the main line of the Canal with its outposts or works, in every 
way that I could, by open lines of road. During the hot weather 
when the European constitution is little adapted to exposure and 
less inclined to exertion, it is to me perfectly evident that by giving 
good roads a frequent inspection of works by Overseers is insured 
— a man will drive twenty miles in his buggy over a good road, 
when he would not go five on horseback over no road at all. 
I advocate strongly the keeping of buggies or carriages by Over^ 
seers, as well as by Officers attached to the Canals, it insures the 
maintenance of the roads in good order ; want of repair is not so 
observable when on foot or horseback, the use of an elephant to 
an Officer, therefore, employed on Canal duties, in this part of 
India, is much to be appreciated, it may even be considered in- 
dispensable to the efficient inspection of his works, and the com- 
mand which he gains for reconnoitring from the back of an animal 
of this sort, enables him to see defects and means of improve- 
ment which otherwise would entirely have escaped his observation. 
The soundness of an embankment moreover undergoes a severe 
test when subject to the weight of an elephant. 

230. Supplementary to the maintenance of the Canal bank as 
an open and free line of communication, as well as to that of 
other roads connecting it to the Canal outposts, is the efficiency 
of the Chokies and their establishments. The whole of the first 
class Chokies on the Doab Canal, are not only kept in the best 
order but give good accommodation to the European and Native 
establishment^; these Chokies are situated at from 12 to 15 miles 
apart, and as far as mere cover is concerned nothing better could 
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be wished for— mere cover however is not the only thing required, 
each building ought to have a table and two chairs, so that when 
an European was summoned from a distance, the means of carrying 
on office work might be provided, the expense of plain but strong 
furniture of this sort would be trifling, and the advantages great. 
It will be seen that by the maintenance of ro^ds on the whole 
length of the Doab Canal, there can be no excuse whatever for any 
want of attention on the part of the European establishment, who 
by these means are enabled at a moment’s notice to take up a 
position wherever the wants of the Canal may demand it. The 
Native establishment is, moreover, confined to the banks and to 
tlie proximity of their special duties by the above arrangements, 
fixed points are offered for the meeting of the Superintendent or 
of the Native Collectors with the Zumeendars or cultivators, and 
independently of the convenience ofiered in these respects, the 
roads give facilities for the conveyance of material, stores, &c., 
whilst the Chokies give a cover to the same, points in themselves 
of the greatest importance. I should regret to hear that any check 
v\as hereafter given to the system whiclihas been adopted both by 
my predecessor and myself on these points — it would be a false 
economy either to grudge expenditure on roads or accommodation 
to the establishment. With regard to the clearance and mainten- 
ance of the Canal bank road, I am satisfied that the very exist- 
ence of the Canal in a state of efficiency depends upon it. 

Plantations* 

231. The main plantations on the Doab Canal are at Nyashur 
and Kulsea, as before described in paras. 24 and 74, but the strip 
of land in rear of the embankments, aud between these and the 
houudary ditches is devoted to plantations also. With exception 
to a few points between Kullurpoor and Bynswal where the bank 
raising has led to the destruction of young trees origifially planted, 
tlie Doab Canal from beginning to end may be considered as an 
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avenue of trees with the channel running in the centre. Wastt 
land in the neighbourhood of Chokies has been taken possessior 
of in many instances ; where roads cross the Canal, clumps of trees 
have been established on the right and left of the approach ; and 
latterly when funds have been available, the lines of Kajbuha have 
been planted. O.wing to the patrole passing along the east banl 
of the Canal, the plantations on that side are at this period inucli 
more regular, and the trees more numerous than on the other, 
On the west bank however there are few spots where trees do nol 
exist, and those few will shortly be planted. 

232. The annual grant for plantations on this Canal was up to 
the year 1842-43, 1,000 Rupees, which has now been increased 
to 3,000 Rupees per annum, a sum that will admit of the most 
extensive improvements. My successor. Lieutenant Baird Smitli 
is now engaged in planting out the whole of the unoccupied spaces 
in the Nyashur grounds, and in filling up the blanks which occasi- 
onally occur elsewhere — the planting out of the lines of Rajbuha 
is also occupying his attention — on referring therefore to the map 
of the Canal and its branches, it will be seen that in a short space 
of time, lines of trees will ramify into all the lands between the 
Jumna and Hindun rivers, and an useful supply of timber will be, 
by these means, provided for the wants of the country. 

233. The saul tree (shorea robusta) which is the wood in chief 
demand in this part of India (for the larger class of beams espe- 
cially) is imported from the forests on the northern slope of the 
Sewaliks. These forests arc at present unprotected, and the want 
of economical arrangements in checking an indiscriminate cutting 
of timber, has for many years, and at the present time especiallyi 
led to a great increase in price of wood of all descriptions, and fre- 
quently to a difficulty in procuring timbers of the larger descrip- 
tions. The forests on the Jumna side are nearly cleared out, and 
unless some means are taken by the Government the same fate 
will attend those towards the Ganges. To obtain a block of wood 
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suitable to his wants, the wood-cutter will cut down the finest tree 
and leave what is not required, to rot. When the timber near the 
root is too large, he will cut the tree down at a considerable height 
from the ground, leaving the stump standing. Quantities of wood 
are cut down and sawn up annually, in these forests, without 
arrangements having been made for their transport, and the wood 
so cut up is left either to rot during the rains, or to be destroyed 
during the fires when the grass jungle is burnt. Thousands upon 
thousands of young saul trees, which are sold in the markets under 
tlie names of bullahs and bullies, are cut annually, many of which 
are carried away, and as many left in the forest to be destroyed. 
It is perfectly clear that a system of this sort must eventually lead 
to a total want of good wood, unless arrangements are made else- 
whore for its supply. The saul unfortunately does not appear to 
thrive well on the southern slope of the Sewaliks, and with the 
exception of teak, which is not indigenous to this part of India, it 
is not easy to find a substitute for it. The Canal plantations will 
undoubtedly in the course of time amply make up for the destruc- 
tion of the Sewalik forests in toon, sissoo, &c., but although, as I 
have before noticed in para. 24, I have succeeded in introducing a 
few plants of the saul into the Nyashur plantations, which plants 
thrive remarkably well, owing to the care and attention that has 
been bestowed upon them, it may be questionable whether in an 
economical point of view, it would be worth while to enter into an 
extended experiment. I would rather turn my attention to varie- 
ties of timber trees that are either indigenous to the soil, or to 
those which although not indigenous appear to take to it freely — 
leaving the saul timber to flourish and increase in its own particu- 
lar regions under proper forest supervision. The declining state 
of that part of the Sewalik forests situated between the Jumna and 
Canges river was brought to the notice of Government many years 
ago by Colonel Colvin ; the same was done by mein 1830, and 
at different periods since. The subject was taken up vigorously 
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by tlie Ajrra (Mr. G. R. Clerk’s) Government in 1843, who 
recommended that the appointment of Superintendent of forests in 
the North Western Provinces should be vested in me, an arrange- 
ment that was disapproved of by the Supreme Government. Of 
the advantages of vesting the control of departments in the person 
of one individual who would ensure a well regulated system 
of management throughout that department, I can see no doubt. 
With reference however to the forests above referred to it appears 
to me that the Superintendent of the Doon is the proper person to 
look after their interests ; as the chief civil authority he has an 
influence that no other individual could have — and the distribution 
of his native establishment at the different Chokies and posts in 
the forests, would give him the means of protecting their interests 
at a much smaller expense to the state. The Superintendent of 
the Doon should have the executive management^ whilst the con- 
trolling power shoidd be vested in the Superintendent of Forests, 
North Western Provinces. 

234. Tile teak thrives much better than the saul tree in the 
northern Doab — there arc many beautiful specimen's of the former 
in the Doab Canal plantations, especially near Manuk])oor and 
Kliundraoli, and to the Suharunpoor botanic Garden it is one of 
its greatest ornaments ; many of the trees in the garden are upward'^ 
of twenty years old and reach to the height of fifty feet. 1 have 
seen door and window frames made of the \vood cut from the 
Botanic Garden, and its appearance in texture and fibre was very 
similar to that of the teak from the lower Provinces. Near the 
Khandla Choki as well as that at Selimpoor there are also fine 
specimens of this tree. It docs not however like frost, and would 
therefore perhaps be out of place at Nyashur and in the forests 
near the Sewaliks. 

235. With the exception of the tract on the Canal between 
Khandla and iSurrovvli which is particularly favorable to the Kee- 
kur (acacia arabica) the plantations are chiefly toon, sissoo and 
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sirriis. There are a few pcepul, bur, and trees of other descrip- 
tions, and occasionally those of an ornamental character have b('en 
placed in prominent situations, such as clumps of bamboo, teak, 
casuarina, fir, and the amultas (cassia fistula), the latter bearing 
a beautiful yellow flower, which at a distance resembles an exag- 
gerated laburnum. The oldest trees in the plantations arc those 
near Kulsea and Suharunpoor, chiefly sissoo • tlicir jiresent height 
may be from 2o to 30 feet, and girth, including bark from 30 to 
3G inches ; these were planted in 1827-28 — it may probably take 
another twenty years before these trees arc ready for the timber 
yard. I have always looked upon the toon as the most valuable of 
all our forest trees — aiul I have accordingly done every thing in 
my power to make it a prominent feature in the plantations, this 
viiiiety of tree is abundant both in the Nyasbur and Kulsea plan- 
ations, as well as in those in the neighbourhood of Suharunpoor. 
For the purposes of timber there is no doubt that all the (hmal 
plantations require thinning, to give that room and ventilation 
which is so necessary to the growth of trees, 'i bis has been done 
to a certain extent, especially in the Kulsea ]))antations, but it 
would be a dangerous exjieiiment toentiust natives with work of 
this sort, leaving the selection of trees to be cleared to their own 
judgment — it would be utterly impossible to do so without run- 
ning tlie risk of sacrificing the best trees in the plantation. The 
Fbiropean overseers, have up to the present period, bad so much 
work on their hands that they had no time to devote to the 
undertaking, the trees therefore are thickly jilaced together, but 
this gives a shade to the road bank, which during the liot weather 
is so grateful, that it may be doubted whether the advantages 
derived from shade to the Canal, is not as great as that derivable 
to the timber from thinning the plantations. The Mujnoon, or 
Weeping Willow, which grows uncommonly well at certain jiarts 
of the Canal in the neighbourliood of moisture, has been planted 
to a considerable extent, with a view to its being turned into use 
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in basket-making, I would recommend that the experiment should 
have a fair trial ; at any rate it is highly ornamental, and flourishes 
at points where other trees would not grow. 

236. The Keekur or Babool, wliich grows in abundance in the 
southern districts of the Canal, is the only tree from whence the 
Canal has derived any revenue, from its sale in the markets : this 
has arisen from the numerous trees of this description which existed 
on the berms, and between tbc external slopes of the cast and 
west embankments, a space upon which I allow (with few ex- 
ceptions) no trees to grow — the wood is cut down and stacked 
by people who contract to do this, receiving in return the bark, 
which is used largely in tanning, the wood thus stacked is boated 
down to the Selimpoor Choki, and sells at from 18 to 22 Rupees per 
100 maunds in the Delln market, 'fhere is a variety of tlie Kce- 
kur, of which two trees formerly existed either in the vicinity of 
Kukripoor or Rural ; its peculiarity consisted in its branches growing 
at an acute angle to the stem, exhibiting a form of ramification 
sometbing resembling tlie poplar; from seeds collected from these 
two trees, this variety of the Keekur has been greatly extended, 
and will be found at numerous points on the Canal hanks. 

237. I have in para. 24 referred to tlic “acacia supevba,” a 
noble forest tree, which has been introduced into the Nyashur 
platitations frcnii the eastern Doyrah Doon, it will no doubt even- 
tually be extended throughout all the plantations. 

238. In addition to those forest trees, it is proposed hereafter 
that at every first class Choki tlicre sliould be a plantation of 
grafted mangoes — the object in establishing these plantations was, 
that of supplying fruit of a superior quality to the towns and 
markets in the neighbourhood, and of forming depots for the dis- 
tribution of young grafted plants in the gardens on the banks and in 
the vicinity of the Canal. It is proposed that when the trees 
have arrived at^^niaturity, the plantations should be farmed out, and 
the proceeds arising therefrom be carried to the Canal account. 
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At prcspnt the following plantations of naango grafts have been 
iiiaile : — 

1st, Selimpoor. 

2n(l, Surrowli. 

3rd, Deola. 

4tli, Berkheri. 

^th, Manukmovv. 

That at .Surrowli has been planted since 1842-43. The area of 
each is about five acres; a great portion of the original outlay is 
saved by using the ground for a wheat crop, a plan that may be 
very benefieially adojitrd unt 1 the tre('s arrive at a certain height 
— the grounds arc laid out with walks, and protected by a fence; 
and are in every point of view, a great acquisition. I would re- 
commend that plantjitions, similar in every respect to the above, 
be established at tlie remaining first class Chokies. 

On the Rajhuha System and its progress on the Doah CanaL 

239. On tlie opening of the Doab Canal in 1830, the cidtiva- 
tors appeared to consider that tlie only possible way they could 
get water for irrigating their lands, was by throwing bunds over 
the channel, or by pushing spurs into the stream ; arrangements 
which were utterly objectionable ; for this reason the dams formed 
on the escape nullas for holding up the water for irrigation {vide 
para. 11 Tj) were eagerly seized upon, and as coming under their 
comprehension more clearly, were instantly used by the cultiva- 
tors. To facilitate the extension of Canal irrigation and to enable 
the people to excavate water-courses, the sum of 10,000 Rupees 
was placed at my disposal. The intention of the Government, at 
my recommendation, was that the power should be placed in my 
hands of advancing small sums of money, on proper security, to 
cultivators who had not the means, without such advances, of ex- 
cavating their water-courses. It was very soon apparent that, in 
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many cases, the advances made by me were grossly misapplied, and 
in others tliat after expending all the money, the borrower had dug 
a water-course which was of no use to him ; 1 found in short that 
the proposed plan was not only a waste of liberality, but a positive 
injury to the cultivator; that to obtain the object required was not 
to give an ignorant man money, but to shew that man the w'ay 
how to lay money out to his own advantage ; at this time more- 
over the evil arising from silt deposits, not only in the escape nullas, 
and upon tlieir irrigation dams, was becoming apparent, but that it 
was a matter of certainty if the nullas were to be used as escapes 
at all, irrigation on their courses to tlie extent originally projected 
must be abandoned. There were great inconveniences also arising 
from the multiplicity of water-course heads which had been estab- 
lished through the Canal embankments, many of which were as far 
as possible from the eye of the Chokidar, and consequently per- 
fectly uncontrolled — the road hank was dangerous from the care- 
lessness with which temporary oj)enings were bridged over ; the 
waste of water was great — it became therefore a point of economi- 
cal necessity to establish some system, that would in preventing 
tlie evils above complained of, give the cultivators water to great- 
er advantage. 

210. The plan tliat naturally suggested itself was, to persuade 
the Zumcendars of villages to subscribe for wat{‘r-C()urses dug 
from the Canal, the excavation of which should he entrusted to 
the Canal Superintendent— that no advances should be made to 
individuals from the Canal treasury, hut that on application, water- 
courses should be dug by the Superintendent, and the expense 
charged to the applicants. Finally, that the best plan to adopt 
would he to confine the outlets for irrigation to main lines, and from 
tliese main lines only should water be given for irrigation ; that in 
the course of time all minor outlets should he stopped, and that 
endeavours sliould be made to carry out a plan which appeared to 
possess the following advantages : — 
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The delivery of water for irrigation on approved 

levels. 

2nd, The supplying of water to distant village lands auth- 
oritatively, and without the interference of the intermediate vil- 
lages. 

3rd. By making one main outlet act as the supply for numer- 
ous drain heads for irrigation, a more efficient control was neces- 
sarily established. 

Ath, Great waste of water was saved by getting rid of numerous 
outlets, and combining them into one. 

bth. That by economising the water, and by the extension of 
the lines of water-course, the benefits to be derived from Canal 
irrigation would be more generally disseminated. 

241. The general outline of the scheme was to form two lines 
of water-courses, parallel to, and intermediately between, the Canal 
and the Hindun on one side, and the Canal and the Jumna on the 
other ; these two main or trunk lines were to be met by branch 
water-courses on every four miles in the length of the Canal, these 
branches affording irrigation to the tract through which they would 
pass, and terminating in the trunk line as feeders. The topogra- 
phical features of the country might interfere with the strict detail 
above mentioned, but there was no doubt that the plan in its 
general sense was perfectly attainable* 

242. To simplify the accounts and to ensure an uniformity of 
system and management, the plan of joint stock companies was 
adopted — the Canal officer being the director and treasurer. On 
the Zumeendars of a required tract having agreed to pay the ex- 
penses of a main water-course or Rajbuha, the line was surveyed 
and levelled, and the probable cost of excavation fixed in round 
numbers at from 200 to 500 or 800 rupees a mile, as the result 
of the survey suggested. The total probable cost was then divided 
off into shares of 25 rupees each, which shares* were distributed 
amongst the applicants in proportion to the benefit that each would 
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derive from tlic work. These applicants were denominated “ Awnl 
1 Iissadars,” or original shareholders, and were to have the advan- 
tage of obtaining a refund by the after purchase of shares by 
Zumeendars and others, wlio declined in the first instance to enter 
into tliC' scheme, but who when they saw tlic water-course complet- 
ed were desirous of becoming shareholders ; the latter were called 
“ Ilissadars,” and the amount that they v^ere called upon to pay 
for each share, was to he never less than 50 Rupees — the money 
so collected was carried to the account of the “ Awul Hissadars,” 
and was either to be refunded in cash or put to their credit in the 
repairs or im])rovement of the work. 

Each holder of two shares was to have one outlet of 
10X8 inches, or G inches square, or smaller, if necessary — a matter 
depending on the slope of country and to be settled by the Suj)erin* 
tendent. In the case of one share otdy being taken by a village, 
tlie size of the head was to be determined by the Superintendent. 

244. These water-courses were to he bridged and ('inbanked, 
and one embankment with the inner slopes of tlie cliamud was to 
he kept clear ofjunglc, to adiuitof the passage and inspection of the 
Chokidars, and to enable the Supcrinteiuh'nt to pass without inter- 
luption from one end of the line to the other. 

245. Chokidars, and if necessary Cliokies, were to be kept up 
at tlie expense of the Hajbuha. 

240, The annual repairs w^rc to be made* by the Superin- 
tendent chargeable to the Rajbuha, and payment called for both 
liom the “ Awul Hissadars” and the “ Ilissadais,” each Jiaying 
a quantum of the expense in proportion to the number of shart s 
held. 

247. Supposing therefore that a Rajbuha is projiosed, of five 
miles in length, the estimated cost, including masonry bridges, 
being 800 Rupees a mile, or 4000 liupees, the following villages 
having agreed to. undertake the work, an examination of these lauds 
‘.hews that shares may be told off as follow s ; — 
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Shares. Rs. 

Kliori, . . . . 20 at 25 Rupees, rr 500 

Kukra 40 at 25 „ = 1000 

Khunjoori, . . . 40 at 25 „ =::= 1000 

Nimdipoor,. . , 50 at 25 „ =1250 

Rujwa, .... 10 at 25 „ = 250 


Shares, .. 100 Total Rs. 4000 
Should the actual cost be under the estiiuate, and admit of a re- 
fund of ('ven shares to each villaf^e, such refund is made : if not, 
the fiMCtlonal balance is carried to account of the Rajhuha ; should 
the cost exceed the estimate, the excess is called for from the share- 
holders in sums amounting to cijual additional shares, the balance 
III excess to be carried to account as before. 

2 18. I'lie cost of annual rejiair is settled thus, takinfr the above 
Kajhuha for example; an advance is made fiom the “ 'J'ukkavi” 
account — and when the repair is completed it amounts, say to 
Ix''. 150-8-8 — which is char^red to the shareholders or .i 
fraction more than 15 annas per share, IC annas, or one lujiee jier 
diare is therefore taken, and the balance carried to account ; should, 
liowever, the balance existing in the oflicebc in favor of the Rajhuha, 
allowances are made, but fractions of annas are rejected. 

210. The above is an example of a Rajhuha contined entirely 
to original shareholders — but supposing that, after the work had 
been completed, four other villages had expressed a wish to join, 
and that the required number of shares, required to suit their pur- 


poses, were thus 

Shares. Rs. 

Gurdunpoor, . . 2 at 100 Rupees = 200 

Nugla, .... 3 at 100 „ =300 

Shorujpoor, ... 3 at 100 ,, = 300 

Leelpoor, . . . 2 at 100 „ =200 


Shares, . , .10 Total Rs. .. 1000 

or ccpial to 40 original shares at the fixed rate of 25 rupees each. 
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This one thousand rupees would be refunded to the “ Awul His^ 
sadars,” that is to say, they would recover one-fourth of their 
original outlay — and the additional shares, amounting to 40, at 
the rate of 25 Rupees each, would reduce the amount which each 
has to pay for repairs ; the number of shares now being 200, and 
the annual cost of repairs; as above, amounting to 150-8-8, we 
have the share of each thus, — Q - ' — or a fraction more tlian 12 
annas instead of 15 annas, as in the former case. Should other 
villages come forward afterwards, a refund is made in a similar way 
to the “ Awul Ilissadars,” (and to no others) who may, in the 
course of time, derive a benefit from their spirit of enterprizc in 
establishing the work, by getting a refund of the whole of tlieir 
money, and having to pay but a small sum for the annual repairs. 

250. As separate books are to be kept with each Rajbuha, and 
also a running account, considerable additional labor is entailed on 
the Superintendent’s office, — this ouglit ere long to be met by ad- 
ditional Writers and Accountants. 

251. The masonry heads or outlets for the Rnjbuhas from the 
Canal have been generally made at the expense of Government, I 
think that this ought always to be done, although, in some instan- 
ces, I have charged them to the Rajbuha account. There are 
cases also in which Government may fiiirly pay a partoftlie 
expense of the Rajbuha itself, that is, where very heavy works, 
such as aqueducts, extensive cuttings or embankments have to be 
made, to render it possible for the water-course to reach distant 
lands and benefit them by irrigation. I have always found the 
Military Board ready to recommend works of this sort, the Nugla 
Rajbuha, for the first four miles, extending from the Canal to the 
Dumola River, together with the masonry aqueduct on that river, 
were built at the expense of Government, i, e, that of the General 
Canal funds. The reasons for recommending such a step were, that 
no benefits could be derived from the Rajbuha until it reached the 
left bank of the Dumola, Government therefore having delivered the 
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water to this point, left the Zumeendars to do the rest. In approv- 
iiijr of the prolongation of tlie Knllurpoor Rajbjha, a masonry aque- 
duct on the Kirsunni lias been authorized — numerous instances of 
this sort liave occurred, and as far as I can recollect only one rc- 
coniiiHuulation was ever negatived, viz. that the shareholders of the 
Kliekra Ivajbuha slioiild be relieved fiom theexpt^nse of some very 
hea\y (‘iidiankments, which w'ere necessary to conduct the Itajbuha 
to distant lands, which would be greatly improved by such an 
arrangement. 1 have made it a point that masonry bridges alone 
shall be permitted on Hajhuhas, they may be a little mori’ expensive 
at fust, but they require little repair afterw'ards, and the Canal 
establishment has quite enough to do on the main line without 
having anything additional to distract its attention elsewhere. 
With regard to the interference of the Canal Kajhiihas with the 
iiMiii lines of road muler construction by the Koad (h)mmittees, I 
h:i\e aUvays built bridges at the expense of the Kajbuha when 
(lossiiig a road already lined out or completed; but when a road 
made by the Uoad Committee crosses a Kajbuha previously made, 
the Committee has been called upon to pay the ('xpense. Some 
lived rule or other must he acted upon, and this appears to he the 
mo^t reasonable. AVlu'n a Rajbuba liow'ever crosses a high line 
of Military road, the Government has never objected to [lay all 
exjienses of a bridge, on the submission of a proper estimate. 

l2.Vd. It is unnecessary here to cuter into a detailed descrip- 
tion of the Rajbuhas already executeil, they have been referred to 
HI detail of position in a former part of this paper — it will be suffi- 
cient to describe the .lulalabad series, which is more complete than 
tin- otiiers, and from this a general idea will he foruK il of the whole. 
The following diagram ( see opi)osite ) h explanatory of the 
rdative position of the Canal, the Kirsunni River, and the Shainli 
Nulla, and the diftcreiit liajhidias composing the Jnlalal)ad chain. 
The whole of the W'ater thrown into the Kirsunni St the outlet 
and the Kajbuha heads R G, is caught up by a masonry dam 
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thrown across the nulla at Bunliera, from whence it is carried over 
the high land towards the junction of the Kirsunni with the Shamli 
Nulla; it is intended hereafter that a corresponding branch shall 
be made on the left bank from the Bunhera Dam, a head for 
which has already been constructed. The whole of thisJulala- 
bad chain has been completed, with exception to the line after the 
junction of the Gorhni water-course, but it is still open to im« 
provement by additional feeders from the main Canal. 

253. From the quantity of sand floating in the Canal water, 
these water-courses are liable to deposits more or less severe, de- 
pending on the slopes of their channels, and the position of their 
heads, they therefore require much attention and periodical clear- 
ances, and unless these arc systematically attended to, the great- 
est interruption exists to irrigation — these deposits only take place 
within 3 or 400 yards after the departure from the Canal, and at a 
quarter of a mile cease entirely. It has been found convenient 
however, in fixing upon the site for a Rajhuha head, to select 
that, where the country on the outside and near the Canal bank is 
low, this admits of a space for throwing the sand (cleared out 
from the course of the Uajbuha) upon, without making heaps and 
irregular mounds, which are so disfiguring to the works. 

254. The transverse section of a Rajhuha is as follows — the 
width and dimensions depending of course upon circumstances, 
the top or terreplein of the embankments is always 3 feet wide, to 
admit of a free passage, the whole is put into proper form, and an 
annual clearance of one bank, the bed and slopes is rigidly enforc- 
ed. Trees are planted on the outside of the embankments, and 
waste land in the vicinity of bridges, is either converted into 
nurseries or plantations. 


DIAGRAM 19. 
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The declivity of bed is carried on one uniform level, on slopes 
varying from 10 to 30 inches per mile — the most common slope 
is 18, but I prefer 24 inches to a mile. As 1 have before said, 
all bridges and work on these lines are of masonry, a rule laid 
down to prevent trouble from after repair, or disarrangement from 
tjie failure of temporary works. By referring to Diagram 18, it 
will be observed that, by closing six heads, the Canal authorities 
have the power of stopping the whole of the Julalabad irrigation ; 
had this irrigation been taken, (as in the original plan it would 
have been) from the main line in separate water-courses for separ- 
ate individuals, we should have had in all probability 300 outlets, 
the greatest number of which would have been removed from any 
control w'hatever. 

255. The papers in Appendix, exhibiting a list of the irriga- 
tion heads on the Canal on its whole line, even at this time, shew 
that the temporary outlets arc very numerous. I would urge my 
successors not hastily but gradually, and by extending the plan of 
the Rajbuhas, to get rid of these temporary heads entirely, I 
would not permit one to remain either on the east or west bank of 
the Cana), and if fair persuasion and reasonable argument would 
not induce tlie Zumeendars to combine in entering into the Raj- 
biiha system, I should after six months’ notice remove the whole 
of their outlets, repair the banks, which wherever these temporary 
licads exist, have been much injured — and wait leisurely until 
applications for Rajbuhas were made. 

25G. Upon many of these lines of main water-course, mach- 
inery for grinding corn might be established with great advantage 
both to the Canal revenue and to the convenience of the com- 
munity — it is an object however to economize water and not allow 
>t to run waste into the low beds of rivers, I should therefore be 
‘lisinclined to establish Mills on the Rajbuhas unless the tail water 
('ould be brought into use afterwards in irrigation.* * 

• In a letter which I addressed to the Secretary to the Governor General, 
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257. I cannot concliiile the subject of this chapter, without 
adverting to the great and rea<ly assistance that I have always re- 
ceived from Mr. Sub-Conductor H. B. Brew, the Overseer in the 
South Division, under whom the vvliole of the Rajbulias not only 
in his own line, which extends from Shamli downwards, but also 
in some instances in the Centre Division Iiave been execute^. 
This assistance has not been confined to the mere siiperintendence 
of the excavation and building of masonry works on plans and 
levels laid down for his guidance; in some cases lines have been 
entirely projected by himself, profiles of country, and dt'signs for 
the slope of the channel have been submitted by Mr. Brew, and 
the works have been executed on these plans and levels much to 
my satisfaction. The admirable state of efficiency and order 
moreover in which all the Rajbulias in the South Division arc 
maintained, according, as it does with that of all the embankments 
and works on the main line of the Canal under this Overseei'.^ 
management, nudges him deserving of a much higher reward than 
the mere acknowledgement by me of his value as a public servant. 

On the Works and Collections — European and Native Estahlish- 
menty cJ'C. <5‘c. 

258. The Doab Canal works are separated into three Divi- 

sions as follows : — 

1st, or Northern Division, from the Head to, and including, tlic 
Ghoonna Falls. 

2nd, or Centre Division, from the Ghoonna Falls to the Mini- 
dait Bridge. 


North Western Provinces, dated ‘ilth May 18.38, 1 drew the attention orGo\ciM- 
inent to the value that iiiij'ht be dcuved hy makin^^ K.ijhiiljas upon Diniioli, 
Ilindun, West Kallce Nud<li, an<l other perennial stiuams in the Doab — tbi'^ 
approved of, and the sum of 3000 Rupees was placed at my disposal for the con- 
struction ol ope line as an expeiimeiit . aithouj;h nothin;; was done, in 
quence of my time being occupied with other nuttcis, the project is well woiiliy 
of considciation. 
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Srd, or South Division, from and including the Mundait Bridge 
to the tail of the canal at Selimpoor. 

dn European Overseer is attached to each Division, with a 
Mootsuddie and Native Estahlishraent-his duties are solely con- 
fined to the works in either construction or repair, and for the 
.efficiency of which he is responsible. 

The Assistant Executive Engineer has executive charge of the 
Centre Division, and conducts all duties of this Division under 
the orders of the Executive Engineer— my object in this arrange- 
ment was to make the Assistant acquainted with all the routine of 
management, so that were he suddenly called upon to take the 
place of his superior, matters might be carried on systematically. 

I have always made it a rule to give to an Assistant, as early 
after his joining his duties as possible, the construction of both 
embankments and masonry buildings without the aid of an Over- 
seer, so that he might learn the practical detail of the manufacture 
of materials, building, accounts, rates, &c.— and become acquain- 
ted with difficulties which, without this practical experience, he 
would not be able to appreciate. The best works on the Canal 
have been built under this management, and I believe that every 
young Officer who has been subject to it, is satisfied, that hTe who 
lias done the duty of an Overseer himself, is best able to superin- 
tend and appreciate the labours of an Overseer, 

Sijy. At each of the masonry dams, escape heads and regu- 
lating bridges, are establishments consisting of a Mate and Bildars, 
proportionate in number to the duties demanded from them, these 
establishments are permanent, and their members are required to 
make themselves acquainted with the management of the gates, 
windlasses, sleepers, 8:c., to bo ready on emergency at all times, 
and are provided with cover in the immediate neighbourhood of 
their respective works, so that no excuse may be alleged for not 
^^eing in attendance. At each of the Chokies are Chhkidars, who, 

»n addition to their duties in supplying water for irrigation, and 
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looking after the water- course hea^, are called upon to patrole 
the banks daily, to report on any irregularity^ and to inform the 
Overseer when Vepaira are required ; each of these Chokidars is 
armed with a heavy stick with iron ^sr rules, for the purposes of 
beating in rat holes and knocking away the mounds made by white 
ants — this class of establishment is partly connected with the de, 
partn^ent of works, and partly with that of the collections. At 
each of the firs^t class Chokies, a Chuprassi is posted, for the pro- 
tection and preservation of the building, but he has charge of the 
bridge, plantations and works immediately in the vicinity of hia 
Choki ; this man’s services are confined to these special duties, 
and he is not allowed to be detached. At each of the Corn Mills 
also a Chuprassi is placed, whose duties are in every respect simi- 
lar to those at the Chokies. 

260. Reports of progress of works performed are submitted 
weekly by each Overseer to the Executive Engineer, these con- 
tain the length of embankments repaired or cleared, length of 
channel excavated, and masonry w'ork completed, with quantity of 
cubic feet done during the week. Accounts are sent in monthly 
exhibiting an account current of cash received and expended, with 
vouchers for each debit, showing the number of labourers employ- 
ed daily on each work, together with the daily expense, as well as 
that of materials ; payments made to establishment, contractors, 
or others, are vouched for by receipts, which are appended to the 
accounts ; these are sewed together, and at the end of each year, 
viz. from January to December, are bound in volumes, each 
Division of works being kept separate and lodged in the office 
for record. In constructing buildings, Overseers are particularly 
called upon to leave the working plans in the hands of the Head 
Mason, Mistree or Mootsuddic on the work : and when the whole 
is completed these plans are to be returned to the office with the 
last account sr.bmitted, with any remarks, wliich the Overseer has 
to make, recorded on the face of the plan. 
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261. The collection of revenue on the f)oab Canal is placed 
in the hands of four Native Agents orZil- 
lahdara, whose districts are as follows 

1st, — or North Suhar unpoor X>i8trict» from the Head to Balpoor. 

2nd, — or South Suharunpoor District, from Balpoor to Bynswal. 

3rd, — or Moozuffurnuggur District, from Byi^swal to Barote. 

4th, — or Meerut Distract, from Barote to Selirapoor. 

The duties of the Zillahdars are confined entirely to collec- 
tions — they correspond direct with the Executive Engineer — and 
in the management and distribution of water for irrigation they are 
assisted by the Chokidars at the different Chokies* each of whom 
has a separate tract of villages for the irrigation of which he 
is responsible. All penalties for breach of Canal Regulations, 
amount of sale of Canal produce, mill rent, transit duties, and 
minor items of returns are reported by the Zillahdar td tlie Ex- 
ecutive Engineer in a half montlily list irt detail, which being ap- 
proved of, a warrant is issued under the hand and seal of the 
Executive Engineer, for their collection. This list contains every 
item of Canal revenue, with exception of water-rent for land 
irrigated, which is submitted half-yearly at the conclusion of the 
Rubbee and Khurreef crops. 


Rent on Land Irrigated, 


2G2. The return of land irrigated is obtained by superficial 
measurement, agreeably to a scale of rates as noted in tlie Appen- 
dix, For the purposes of tliis inensurement there is an cstahlisli- 
mentof a Darogah, with Mootsuddies and measurers under him. 
During the period that each District is undergoing measurement, 
the Zillahdar and Chokidars attend upon the Darogah, to assist 
him in pointing out the lands irrigated by the Canal, on the con- 
clusion of the measurement of a District, the Darogah sends in to 
the Executive Engineer’s olfice, a statement of the area of each 
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field irrigated in eatjh village, noting the variety of crop and rate 
of charge, as per scale beforementioned ; the returns on each vil, 
Jage are on separate paper, and having- undergone examination 
and check in the office, a separate warrant is drawn up for the 
collection of the amount, and this warrant is forwarded to the Zil- 
lahdar, under thc^seal and signature of the Executive Engineer. 
The Darogah therefore has notlpithg whatever to say to the cash 
collections; he w^cpnsidered to be ^superior to the Zillahdars in 
rank, as well as in salary, and is called upon to report on his pe- 
liodical inspections any irregularity that may come under his no- 
tice. Tbe cash collections are all vested in the Zillahdars of 
Districts. 

263. The system adopted on the Doab Canal is that which 
was drawn up by Colonel Colvin and authorized by the Govern- 
ment, and from the experience that 1 have had of it, I see nothing 
that requires material alteration. It is absolutely necessary in a 
work of this sort to lay down fixed rules w ith regard to property, 

PcrquUite, repudi.«d. altliongli it may appear absurd to visit 

with condign punishment a member of the 
establishment, who cooks his dinner from fire-wood taken from the 
Canal plantations, or who feeds his cattle with grass taken from 
the Canal banks, the principle of such an arrangement is that of 
* Perquisites,’ to which there appears to be no definite limit, 
tlie limit generally depending on the conscience of tlie taker. 
To prevent therefore the operation of the rule that “ wdiat is 
nobody’s property is every body’s property,” it is considered 
that the whole is tlie property of the State, and to secure this, 
the Canal banks are farmed out to contractors (in portions gen- 
erally bounded by bridges,) who by paying a certain sum, which 
is carried to account in the Zillahdar’s lialf-monthly statement, 
are on certain conditions owners for the time being of the grass 
and refuse on the banks. The Zumcendars of the estate tlirough 
which the Canal runs have always the refusal of that portion 



limited by their oWft boundarie^^and $s the sale takes place, 
by open auction, the field for competition is free. It is astonidi- 
ing to observe the annual amount derived from these sales, and the 
return to the Canal Treasury from the sale of articles which would 
appear to have little value, and which otherwise would be ab- 
sorbed by perquisites ; this will be observable by reference to the 
Canal Ketums under the column of ** Sale of Canal Produce.*’ 
The only portion of the banks which are not j6ld (for want of 
purchasers) is that north of Kulsea, in the jungje iracts where the 
Canal boundaries are chiefly .covered with high grass and reeds, 
with which the country away from the Canal abounds ; time,, how- 
ever, in leading to the extension of cultivation, will raise the value 
of the Produce of the Canal banks even in these regions — the same 
may be said elsewhere ; on reference tb the column before alluded 
to, the gradual and annual increase to the sale of produce is suf- 
liciently remarkable, and I have no doubt that this will proceed 
still further. 


Rent on Water Mills, 

26 i. The mills in use on the Doab Canal are merely for 
grinding corn, and the machinery is the simple little horizontal 
wljeel used by the Natives of this part of India, somewhat im- 
proved in the setting up, and arrangement of its parts, with mill- 
house and store-room attached — the»e mills are put up by auction 
annually and sold to the highest bidder that can give security for 
the payment of his rent. By far the most profitable return on 
outlay is derivable from this source, and mills arc of so much con- 
venience to the people that they ought to be established at every 
point, where a fall of country will admit of it. The following 
shews the rent levied on the mills at the period of my writing 
this Report : — ^ 
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Vet pay, . - , Month. 

Belka, 0 12 0 

Nugla, 0 14 0 Fyzabad, .• 10 0 

Ghoonna, 2 16 Nyashur, ... *. 9 0 0 

Suharunpoor, .... 10 2 0 Under repair. 


Do. Botenic Garden, 16 0 

ShamBf 6 0 0 

Selinjpoor, ...... 9 4^0 

In the jungle tracts, north of Nyashur, the inhabitants are allowed 
to fix their own mills paying the trifling rent of rupees 1-8-0 per 
month. 

205. In endeavouring to use undershot wheels adapted to Corn 
Mills I failed completely, both at Belka and in the Botanic Gar- 
den at Suharunpoor ; the native miller was constantly putting the 
machinery out of order, and the interruptions to the mills were so 
frequent, arising from the distance at which they were situated 
from our artificers that latterly no tenants could be procured. 
Applicants (of which there were no want) looked with dismay on 
the machinery so different from their own, and declined entoing 
into contracts for mills that were different to those that they had 
been in the habit of using — and so much trouble was given to the 
European Overseer already overworked, that it was found advis- 
able to give the matter up, and establish the native mill, which 
found a tenant immediately. I am not at all an advocate for hold- 
ing back from improvements of this sort, admitting even that the 
European water-wheel arrangements are better than those of the 
natives of this part of India; hut 1 am satisfied that it is useless 
to attempt the introduction of complicated machinery, where there 
is no shop, no artificers, and in remote regions where the people 
of the country are unaccustomed to its use — the little native mill 
has only simple motion, a fall of water on an horizontal water 
wheel, with a vertical arbor passing througli the mill stones, does 
all that is wanted — little repair is ever required, and that little is 
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done by the miller himself. I do not at all meali to argue that 
the power and quantity of water required for the native mill 
would not with European machinery do much more work ; but 
tliat in the present state of the Canal establishment, and with the 
means that we have at Our disposal, the native mill is by far the 
most convenient, and in some positions perhaps the most applica- 
ble. There are considerable funds now at the disposal of the Ex- 
ecutive Engineer for building mills ; I should recommend that two 
at least should be built at Selimpoor in addition to those already 
constructed and others may be established on Rajbuhas where the 
tail water would pass onwards for irrigation ; there is an objection 
(as I have before alluded to in para. 104) to allowing the escape 
water to pass off to the deep beds of nullas, as at the Suhariin- 
poor and Shamli Mills. I need hardly allude to the water 
power offered by the descents of masonry over which the Canal 
passes in the northern and southern regions of the Canal ; in the 
absence of steam engines, the Tails at Belka might well become 
the nucleus of an Indian Manchester or Birmingham. 

Rent on IValermg Cattle, 

200. This is an item of no consideration on the Doab Canal, 
Init it is useful in giving us the means of rewarding villages who 
use water for irrigation, by remitting the trifling charge authorized, 
^^llerever the village pays into the Canal Treasury 100 Rupees jier 
annum for land irrigated. To villages of this class there Is no 
charge made for watering cattle, and tlie tanks or ponds attached 
to them are filled with water gratis. Where villages do not use 
the Canal water for irrigation, or who do not pay 100 Rupees per 
aniunn for land irrigated, rent is levied as per regulation, and pay- 
ment is required for filling tanks. 
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Rafting Timbett Tramit Duties* 

2G7. This item has been before referred to in paras. 147 to 
154 — it has been much interfered with by the silt deposits, but 
will eventually when the improvements which have been recom- 
mended are carried out, be a considerable addition to the Canal 
Returns. The table of rates is shewn in Appendix, — when the 
use of boats is established, additional rules and regulations will be 
required : — in the mean time, the duties now levied appear to me 
to be fair and equitable. 

Fines for Breach of Canal Regulations. 

26f?. I am inclined to the supposition that the total annual 
amount of tliis item may be considered as the gauge by which the 
value of the Canal in its increase or decrease to irrigation may be 
tested, the fines for trespass of cattle, stealing grass, &c. are trifl- 
ing to those connected with the control of the water, and as irriga- 
tion extends, so will the breach of Canal Regulations extend, and 
the greater the demand for water the more numerous will be the 
fines— these in most instances are levied on Zumeendars who to 
irrigate their lands before those of their neighbours, establish bunds 
over the Rajbuhas for which in some cases a penalty of 50 Rs. 
would be a small compensation ; establishing new outlets in excess 
of those admitted by the Rajbuha Regulations is another fruitful 
source of penalty, and taking w'ater at unlawful times, and when 
irrigation heads have been closed by authority is another and by 
no means an unfrequent cause of fine. Nothing can be more just 
than fines for offences of this sort, if they are properly proved. 
The offender in either one or the other of the cases above quoted, 
not only disobeys the regulations, hut to benefit himself (especial- 
ly in the case of the bunds over Rajhuhos) does so at the expense 
of otlier Zumeendars, who have equally paid for the construction 
of the water-course — it is in fact robbing them of their property, 
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and in my opinion can only be checked by the heaviest penalty. 
Under the system of farminir out the Canal banks, tlie property so 
tanned out becomes tliat of the farmer, the Canal Ollieer tlieiefore 
in fminir trespassers who steal ^rrass and Canal produce, merely 
(ioiiiL^ lus duty, and protectini; the farmer. It may be heie u inark- 
.‘(1 that there is a nreat advantaire m farminjj; out the l>.mks to the 
/iimeendars of tlie villaf^e tln-ouirh whose lands they pass, in tlie in- 
terest uhicli tlie Zmneendars naturally have in protectim^ tlieir ov\u 
piopcu'ty and consecpiently in this case, of protectimr tlie Canal. 

2G9. It will be understood, however, from what I have before 
cXldamed, tliat the only Canal Ollieer, who has tia' jiower of levy- 
ing ient(U' taking money is the Zillafidar of l/ic disfi tef . — tliat 
every item of money so taken is included either m the half 
jiio'itlily list of miscellaneous collections, alluded to in para. 20 1, 
or 111 the lists of heegahs inigated as in paia. 202 : that Ihe^e 
two papers alone embrace evi'ry item ; and tiiat these only me 
acted upon, on a warrant under the hand and seal of the Exia iitivo 
jhiyiiu-er — AhsliMCts from tliese pajiers aie maile np monthly and 
li.ilt-yearly in the Canal Oflice, so that there is no dilliculty wliat- 
e\er in niiiking references. 

Encourageinnit of the Planting Mangoc Topes adrocaled. 

270. d'lie n.itives in jilanting mangoe groves use the ground for 
wlicat and otlu-r eiops for manv yeais after tlu' young tri'es aic 
))1. lilted, aihl agreeably to the scale of rates levi.ihlc by regnhation, 
these crops ought to pay a higher rat(‘ to the Canal being inehid- 
vd under tlie liead of fruit trees. As it appears to mi* desiiahle to 
hold out every erieouragement to the people to oxtimd tlic planta- 
tions of m.mgoes, I have made it a rule to class g.irdeiis of tliis 
''Oit merely under the head of tlie crop whether wheat or barley 
\NliieIi is sown, leaving the higher ratt* to he levied ulien the tn'cs 
hear fruit: vegetable and garden produce, however, sire not allow- 
ed on these terms. 
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European Eslahlishment and Recommendations for Improvement, 

271 . 1 liave before ex})lairiecl in para. 258 tliat the three Divi- 

sions of tlie Doab Canal works are ]>laced under the management 
of Overseers, tlie Assistant Executive Engineer having the control 
of the Centre Division. Tlie present European Establislmient is 
us follows : — 

1 Executive Engineer. I 2 Overseers. 

1 Assistant ditto. | 2 Assistant Overseers. 

The North Division is 25 miles in length, wdth branch works 
on the Muskurra, independently of Rajbuhas, w-hich extend to a 
considerable distance from the line of tlie Canal. It is impossible 
when reflecting on the numerous masonry and otlier works in tlii^ 
part of the Canal, their proximity to the forests, and the conse- 
([uent liability to sickness of the people attached to them, not to 
be struck with the necessity of an increased European establish- 
ment, not merely to carry on the duties ciriciently, but to provide 
against casualties cither in sickness or in death, wliich might (as 
it has done frequently during my executive charge) leave these 
works upon which the maintenance of the Canal supply dejiends 
without any European aid. This w'as so forcibly brought forward 
in 1844, when the sickness of the Overseer in charge of this Divi- 
sion threw the whole of the duties upon the Executive Engineer, 
during the height of the rains, and when his time was already fully 
occupied, that an Assistant Overseer w'as allo\vcd for the purpose 
of being attached to the North Division, so that by learning the 
duties he might in future be of some sort of assistance in the event 
of the absence of the Overseer. To those who arc unacquainted 
with the peculiar demands made upon the time and faculties ot an 
European, by the works in the Northern Division of this Canal, 
the necessity frequently of being exposed during the day in heavy 
rain, or having to visit the bunds and dams at all periods of the 
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year, to oppose by his own energy, skill and quickness in resources, 
an element at any time the most dimcult to contend with, but 
m the case of the mountain torrents opposed to his numerous and 
(lidiciiltly situated works, requiring the utmost steadiness and deci- 
sion of character. To tliose I say wlio from not knowing, cannot 
appreciate tlie duties of this post, one person may be considered as 
good as another, and a man who has been all his ’life hiiilding bar- 
racks and bells of arms, may be as clficient as a first-rate Canal 
Overseer. This, however, not being precisely the case, it appears 
necessary to hold in our own hands a nursery for the education of 
Europeans, to enable us when casualties do occur, to rcjilace those 
casualties by men who not only know something about the duties 
to wliich they are called, hut who can without grumbling and with- 
out being dissatisfied reside in the district, away from society, and 
separated altogether from the enjoyments of social existence ; this 
is a point too little considered in the case of tlie Canal Europeans, 
tlieir salary which was a handsome and liberal one formerly, has 
been reduced, the same has been done to the salary of tlie Assist- 
ant Executive Engineers, whose salary has also been reduci'd from 
ioO to *200 Rupees per montli. The consequence is tliat there is 
not tlie slightest pecuniary inducement to lead men to enter into 
the Canal Department, and be cut ofT entirely from the enjoyment 
of a cantonment life. It is a fact nell known to the Covernment 
that the Canals in the North Western Provinces are so closely 
connected with the realization of the revenue of the Estates coming 
under their influence, that any mismanagement or interference 
\'ith the required supply of water for irrigation, leads to a most 
ruinous loss to the State : that the Government has in fact pledged 
itsell in the late assessments to maintain these Canals eflieient ; 
and to do this, the first thing is to maintain a sufficient establish- 
ment, and the next thing is to make it worth while not only for 
good (that is to say useful) men to enter into the Department, hut 
'vhen in to remain there. This remark is applicable both to 



156 


DOAB CAXAL, 


Executives and to Subordinates, but it is to tbe latter I am desir- 


ous of now drawing attention. 

272. The admission of an Assistant Overseer in the North 


Division is one point gained, but a solitary individual may by 
chance be incapacitated from the duties, either from want of intel- 
ligence, steadinc.^s or physical strength, I would therefore have, 
three men of this class, and I would arrange the European Estab- 
lishment on the Doab Canal in the following w'ay : — 


North Division, , 
Centre Division, . 
South Division. . 



1 

1 

1 

1 

1 

1 


European Overseer. 
Assistant ditto. 
European Overseer. 
Assistant ditto. 
European Overseer. 
Assistant ditto. 


Giving an excess on the present number of two Assistant Over- 
seers ; the duties of the three Divisions are remarkably different, 
those of the north being almost entirely confined to the manage- 
ment of the numerous works, and to the maintenance of the Canal 
supply — those of the centre to the repair and maintenance of the 
very licavy embankments in tliat Division, and tliose of the south 
being more intimately connected with irrigation, in the superinten- 
dence and management of Kajhuhas — tlie difrerence of employment 
is so great, that there is an ample field for testing the value of tlic 
Elnropean subordinates — and it will probably be found, tliat out of 
three young Overseers, one may be adapted to the duties of tlie 
Northern Division. 


Centre Division of Works, 

27.1. The length of the Centre Division is about 5.3 miles, but 
it embraces all the Julalabad irrigation, besides numerous Rajbu- 
bas, which extend considerably east and west— the latter are under 
tlie m.'inagemcnt of two very intelligent Mootsuddies, by name 
Kunnyalal and Bunsilal, to the former of whom especially, great 
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praise is due for not only the manaj^ernant of the works under his 
care, but for the zeal and indefatigable industry and attention, that 
he has always shewn in extending the Rajbuha system, and in 
attending to the wants of the cultivators. This man’s salary is 
only eight rupees per mensem! — but as a rew'ard and an inducement 
to him to continue his labors, he is allowed to draw two rupees 
per month from each of the Rajbuhas under his management. 
For men of this class a second rate Zillahdarship might, with great 
advantage, be established. It might be entitled “ Nail) Zillah- 
dar,” the salary not to exceed twenty-five rupees per month, 
that of the Zillahdar being limited to fifty rupees, the salary, 
however, to be eight rupees per month during his initiation into 
his duties, and subject to a gradual increase on good behaviour as 
well as to promotion to the higher grade of Zdlahdar. 

South Dioision of Works, 

274, The South Division is about G2 miles in length, I have 
in para. 257, adverted to the state of this Division under Mr 
Sub-Conductor Brew’s management. When the executive charge, 
of the Deyra Dlioon water-courses, and afterwards of the Ganges 
Canal works, were vested in me in addition to those of the Doab 
Canal, I found it impossible to do justice to the cultivators at a 
point so fai removed from the centre of my operations ; the 
management of all the irrigation, distribution of water, and control 
of the Rajbulias in the South Division, were therefore given to 
Mr. Brew. The results as shewn by the increase of revenue, and 
the order in which the whole of the Division is kept are the best 
proofs of his capabilities. The loss of this Officer to the South 
Division would be a serious one, he is here in his proper element, 
he has not health to admit of his carrying on the exposed duties of 
the North Division, and he is so perfectly acquainted with both 
the works and lines of irrigation under him, that no tetter arrange- 
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ment can be made, tlian leaving liim, as at present, wlicre his 
services can be fully appreciated. On a former occasion when 
called upon to submit names for the appointment of Assistant 
Executive Officers on the Ganges Canal, Mr. Brew’s name was 
one of those recommended by me — T should however much prefer 
seeing him appointed to the Doab Canal, and I hope that he may 
be so as an Assistant Executive Officer — Government will never 
regret having made such a selection ; Mr. Brew would then hold 
the South Division as Assistant with Overseer’s duties and an 
Assistant Overseer under him. This arrangement, it will be 
observed, gives no additional European aid beyond that noted in 
para. 272. 

Canal Repairs — Material and Recapitulation of IVorlcs rerjuired. 

275. The masonry works undergo an annual repair immediately 
after the rains, and the clearance of embankments from grass and 
jungle commences annually on the 1st of September. With regard 
to the repair of embankments, especially that part of it which 
embraces the stoppage of rat holes and filling in of cracks and 
fissures, 1 have found that the only way to ensure careful repair, 
is by sending working parties in the first. place without either 
phaoras or baskets, but simply armed w’ith rammers roughly 
pointed, w’ith which they knock off the angles and beat in the 
holes — when this has been done betw'ccn two bridges, parties are 
sent with phaoras, rammers and baskets to fill in and repair with 
earth. Whenever ])arties arc sent in the first instance with phaoras, 
they invariably throw earth upon a hole, and smooth it off sui)er- 
ficially — the soundness of an artificial embankment depends greatly 
on attention to minutiju of this description. 

27G. At each of the masonry dams,='^ a supply of 10,000 maunds 

* This docs not apply to the Dams at Fyzahad and Nyashur, where the beds 
of the rivers consist ot boulders. 
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of river stone or boulders, with at least 300 kurries or toors, and 
yn etjual number of spike nails ought to be kept in store, to be in 
readiness in case of emergency. 

277. At each of the masonry falls a supply of 3000 inaunds of 
boulders or kunkur, with 100 kurries or toors, and an equal num- 
ber of spike nails, ought also to be kept in sto/e ; and whenever 
an expenditure takes place, the quantity expended ougbt to l)e made 
good as early as possible. The same applies to the Kheeri escape 
and the tail of the Selinipoor Mills. Attention to this point may 
be tlie means of saving a work fiom destruction, and it appears to 
me 1 ot only to be one of the greatest importance, but of such ab- 
solute necessity, that the <^u()erintendent of Canals should enter the 
state of these depots of material, in his Annual or Periodical 
Iiisjieetion Heports. 

278. A large supply of spike nails ought always to be kept for 
distribution in the workshop at Kulsea; and at works where 
frame boxes are used, spare boxes ought to be kept in store ; the 
only way to oppose an accident is to anticipate it, and under this 
view of the (luestion, it would be desirable to continue the brick 
manufactures at Kulsea, until a supply of 10 or 12 lakhs is collcct- 
vd the Dam on tlie Aluskurra, although it viuy be sustained under 
tlie dilHculties of position in which it is situated, is not to be 
depended upon. 

Restoration of the East Bank Road from Rundolc to Kulsea. 

279. I have in para. 220 noted, that the road which on the 
whole line of the Canal, is continued on the east bank, is between 
Kundole and Kulsea, at present removed to the west hank, which 
IS a great inconvenience from the want of shade. Tlie alt(‘ration 
arose from the breakage of the east bank opposite Dabki, at which 
point a small masonry drain, which bad formerly been built, was 
cairicd away, and from the inlet of the ancient liixi of Canal op- 
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posite Bobyl — at both these points masonry inlets, one of 6 feet 
and the other of 20 feet in width, ought to be constructed, the bank 
near the east revetment of the Nugla Falls ought to be renewed, 
and the water wliich flows towards the Canal down the ravine (the 
head of which is turned by the Nugla Rajbuha) ought to be thrown 
into the old Canal near Bobyl by a cut. This cut was made on a 
former occasion, but its capacity was not sufficient, it ought to be 
at least 20 feet in width, and excavated on levels accurately deter- 
mined — tliis inlet in rear of the Nugla revetment is a more for- 
midable evil than it appears, and requires to be attended to. The 
following diagram will explain the proposed works for the restora- 
tion of the east embankment, as a line of road from Rundole to 
Kulsea : 
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The east bank between the Nugla Falls and the Kiilsea Choki, es- 
pecially opposite the village, requires a good deal of repair — a por- 
tion of this however, might be done by the establishment of Bildars, 
at seasons when their services at the Dams were not required. 

Tails of Works to he frequently inspected, and if necessary repaired. 

280. I have before alluded to the necessity of taking posses- 
sion of every opportunity to examine, and, if necessary, repair the* 
tails of the Dams and Falls ; whenever the Canal is laid dry this 
ought to be done ; and occasionally the Canal ought to be laid dry 
on purpose to admit of the examination. 

Clearance out of the Canal Channel between the Masonry Falls 
referred to. 

281. In para. 213, I have explained that, although the levels 
of the Canal are connected by fixed points at each of the Falls, 
the bed of the Canal intermediately has not been touched—in 
cases therefore where a bar of earth intervenes upon which the 
current appears to have little action, opportunities ought to be 
taken when the Canal is dry to clear it out by excavation — this is 
required between llccree and Balpoor, and especially in the line 
opposite Shandi, vide para. 157« 

Bridge Ramps. 

282. Some of the Bridge Tlamps are in very bad order, and I 
would recommend that those at the follov\ing bridges should be 
made on a ])lan formerly adopted at the Deola Bridge, viz. by rais- 
ing the Bumps on a slope of tw’o feet in each hundred, from the 
Huoring on the crown of the arch until it strikes upon the country, 
and raising the wing walls and pillars of the bridge to accommodate 
tliemselves to this improved slope : 

Burragong Bridge. Baoli Bridge, South. 

Khutta „ Bural „ • 

Basode „ Nalla „ 

Bichperi „ 


X 
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Tlie cost at each bridge, including masonry drains through tlie 
ramps, would be about 350 Rupees, and the total expenditure on 
the above seven bridges would be 2,450 Rupees. 

Under-drains for Country Drainage both at Bridge Ramps and 
at the Heads oj Rajbuhas. 

283. With reference to the masonry drains alluded to in the 
last para. I would here advert to the urgent necessity of simi- 
lar works being constructed at the heads of Rajbuhas, especially 
where the embankments of these lines of water-course pass over 
low land. As the drainage of the country through which the Doab 
Canal passes is parallel to the lines of embankments, it is evident 
that every Bridge Ramp or Rajbuha head, acts as a Dam and leads 
to the collection of sheets of water more or less extensive. The 
following Diagram will shew the position of inundations arising 
from these causes, and the value of under-drains as a remedy : 


DIAGUAM 21. 




J li Hf'prcsent ramps 
of briflfre. 

C C Rojbuha, 

The at rows shew the 
direrlion of drain- 
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284. On the upper aide therefore of each Ramp, or Rajbuha, 
an inundation is formed after every heavy rain, which can only^be 
got rid of by escapes or masonry drains laid at a proper level 
under the embankments at n w n. The construction of these works 
would not at all interfere with or stop the flow of water in the 
Rajhuhas ; the level of the lowest part of the inpndated line being 
obtained, the drain itself might be built at a distance, and at a time 
when the water in the Rajbuha might (during the operation) be 
turned, the flooring then of the drain would be laid on the same 
level as that which was ascertained to be the level of the inundated 
Ijne, and a ditch would be dug both for entry and escape thus : — 

DIAGRAM 22. 



\ 


A being the masonry under channel, round which, during its con- 
struction, the water-course might be turned. 

It must however be recollected that unless works of this sort are 
annually cleared out, and choking up prevented, they might just 
as well never have been built at all. 

Bridges. 

285. In paras. 151, 162, and 169, I have dravHi attention to 
alterations required in bridges for the accommodation of boats 


Y 
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and rafts — in addition to these I should recommend that four new 
bridges be built at the following places : — 

Uniitmow Ghat, not immediately required. 

Adureespoor, 1 . ^ ^ 

Kyampoor, and Bhctah, J ^ y* 

In building or re-constructing works of this sort between Bal- 
poor and Bynswal, the numerous twists and turns taken by the 
course of the Canal may be taken advantage of, and the work he 
constructed without any interference from the Canal water, tin's 
method would lead to improvement in straightening the line, a cir- 
cumstance however that must be taken into consideration when 
laying down the levels of the flooring of tlie different works. The 
position of the Jhindcri Bridge is a case in point, thus : — 



The new bridge might be built, and the new Canal cut to it, 
without stopping or interfering with the Canal supply — opportun- 
ity might be taken when the Canal was closed for repair or any 
other necessary purposes, to complete the mouth and escape at A 
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and B, and when the Canal was re-opened, the stream would thke 
to its new line, the old bridge would be removed, and the ramps 

completed. 

286. Immediately south of Bahmunmajra there is a very ab- 
rupt and avvkward twist which I have always intended to dispose 
of, and had at one time laid down a line straight across the bend, 
with the intention of excavating the channel on this new course ; 
but I must again repeat that this straightening of direction must 
be done with due respect to the re-modelled slope of the Canal, 
and to secure this I would recommend tliat the line of Canal from 
the sill of tlie Balpoor Falls to the flooring of the Kandla Bridge 
he re-levellcd, and the measurements of distance accurately taken, 
for the permanent line upon wliich the Canal will run when the 
twists above referred to are cut otT — by cstaldishing bench marks 
at every bridge and every masonry building on the line, the rise 
or depression of the floorings of each work may easily be calcula- 
ted. It does not appear to me to be at all necessary to re-con- 
struct bridges precisely on the spot upon wliich they were origin- 
ally built, unless there is some peculiar object in so doing, — 
such as avoiding any interference with the alignment of a high 
road, or to prevent injury to property. 

Chokies, 

287. At each of the Falls and Locks, second class Chokies will 
be required hereafter — these, however, can be built as opportuni- 
ties offer, the different positions at which these buildings will he 
required, have been explained in the body of this Memoir.* 


* That there may he no misconception as to the quality of the material used 
in l)uildin>?s of this description, I may heie note that the Chokies are invariably 
constructed with bricks that are unfit to be used on other works, unless no refuse 
material of the sort exists, in which case the best sort of brick is used ; as a gene- 
ral rule, however, the refuse material is devoted to Cboki buildings. 
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Jrn^alion Outlets for Uajhulios. 

1288. Masonry licadb are rcquiied for the following Uajhiilias: 

Kiitlial, weast hank. 

Loan, wcbt ditto. 

Hnsaoda, east ditto. 

Ludwarri, west ditto. 

I do not rreoinnif'nd the eonstnietion of any more minor iiiiga- 
tion dram lu'ads. Tiie /nme'iidars wlio at pu‘'.ent diaw tlieir 
sii[)])ly fioin temporary openings cut tlnongh the iianks, must he 
])ersnaded to enter into the Uajhuha system — and the sooner llil^ 
can hi: done the sooner will tlie ( inliankments he leslored tooidir 
— on the w'cst liank, upon wlneli eairiages do not pass, and winch 
has not been maintained as a road, the state of many ol this, 
Zinncendars’ outlets is \eiy had, and leipiiies modilication. 

A u I: / ipoor Di am age, 

281). 'I he airangenieiit suggi'sted in paras. 177 .md 178 for I hr 
Kiikijpoor diainage, may he leferred to as woithy of aftei con 
sideration. 


Bnchs, 

290. Brick earth is found universally on the whole tiact 
through whieh this (kanal passes: [ liave never hi'eii suecessfiil 
witJi kilns or clamps m.ide in tin* Luro{)ean iiishion, and lia\c 
therefore used the common natne kiln, the size of hiick usi'd is 
12 X 0 X 2 inches — and tlieir average cost per Jakh, iindudiiig 
loss, waste, carnage, iVc. is barely covered by 300 Uupees. 

Kunhur, 

291. Kunkur is found in considerable quantities at the licail '»! 
the rancllioi Nulla; and near Suharunpoor, it is found in large 
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iii;issrs, ;in(l is convor.ic'ntly sitiiatod to the Falls between Ghooiina 

jiicl IL'iIjioor. 

Jiirt r Stojic. 

202 . Kiver stone (or boulders) is br()ii«j;bt fiom (be bed of the 
Toodlii JnuHKi, it varies in rate aniiH^ably to tlie dist.mce to v\hich 
itise;iited, th<' ])rice pet 100 inannds is tioin .‘J lupecs S annas 
to 7 inpees. River stone is used at the tails of all the works as 
r,n south as Choonna. 

Dt'Ifu ftock. 

‘J0.3. d'heie is a jj^reat (juantitv of the Didhi (juart/osc sand- 
stone s([u:ne(l into blocks Kmut about Looni .ind h’amij), but the 
people object to its htuno, removed— ii leunlar masses of this lock 
lio\\e\er are Inouuht fiom llelhi ami eaitedtotlie Falls south of 
Siiiiowli, at the latt' of 3 rupees pet 100 mauiuls. Fnoimons 
masses weie usimI by me lor stien<;thenm<: the tail of the Selimpoor 
Mdls, taken (by blasting,) liom an ontUmjr lock situated on the 
left bank of the Jummi. 

201 . The Delhi lock jiasses fiom .a jnircdy er\ stallinc into a 
])ufectlv fiialile sandstone. 'I’he lonmu, m many cases, bein^ 
1)111 c ([Uartz, tmd the latter ludii'; a sandstone, consistiiiif ot small 
aimulai fia;^nu'nts of (piaitz, ajfjflutmated by eithei an argillaceous 
t'l fcrinuinous cement — uhen the latter is tlie ease, this sandstone, 
uliich Is locally called “ Rnjree,” becomes an admirable iiiiiredient 
foi mixinu with Ilursroo lime for biuhliiio in water, used in oni' 
p.iit of lime to two of the “ Rnjree.’' It has been used liy me in 

* \Vli('i (' stone 01 KiinKin is not piot uialilc, aMi \ efliMent siilisiirnlt* may lio 
I'l'i lined l)y Iiihldiii^^ bloiks ol hi u k imoom 3 , .ind liaviiii,^ llu m on llic \M)rki 
(01 live I ji.ivc mini. lily Imilt tlie-^e hloc k-, ol tlic loUow in^ (hmeusums 

1' y 1 x 2 leel. -ind when ])eilettly mduiaUd, tliey aiiswei the jMiiposLbof 

0(1,1101 kiirikur veiy well In layin<^ down llooiiims o( Diain diauncls, wlieio 
I'lin^s aic aljLindaat, 1 have also used blocks ol lims discoption willi yreal 
"h. intake. 



168 


DO A 13 CiVJ^AL. 


all the \'orks in the South Division, and is to be recommended— 
it has also been successfully used on the outer coating of walls, laid 
on with a float, but for this purpose the linht coloured Bujree 
is to be preferred. The harder and crystalline variety of the 
Delhi rock comes into many useful purposes, stones for grinding 
cement, pivot blocks for lock-gates, rollers, See., &c. 'i’he brackets 
for eaves of buildings made of this species of rock and used largely 
in old Delhi throughout the period when the Pathan Dynasty 
reigned, have been brought into common use on the Doab Canal 
works, where pivots, ^vc., for lock-gates were required. 

•Stone Lime. 

205. From the Canal head as far south as Balpoor the lime 
that is used is of a very superior quality, it is made from boulders 
of lime rock picked fiom tbc bed of the Jumna, or from tlie rivers 
in the Deyra Diioon — it is used in the works mixed with soorklii 
or pounded brick, in a proportion of one ])art of the former lo two 
of the latter — wlierc ccuncnt miljs arc nut available the ])ropnr- 
tion of the sooikhi has been sometimes reduced to one and a 
half. 


Ilursroo Lime. 

29f). At the southern parts of tbc Canal the Ilursroo lime is 
used in the same way and in the same ])roportion as the stone lime 
in the northern district. The material itself comes from the village 
of Ilursroo, in the Goorgaon District, about 26 miles southwest of 
Delhi— it is a fat, indurated and compact marie, containing recent 
fresb-water shells ; it is excavated from low land, in a position 
very similar to tliat of the kunkur deposits in the Doab — it is 
delivered in Delhi in its imhurnt state at from 12 to 15 rupees 
per 100 maiinds, and its cost on the works when received from tlic 
kilns may be Ifom 25 to 65 per 100 maunds. 
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Jussooe Lime. 

297. In the central districts of the Canal there are numerous 
places at which kunkiir jliine is made, but that one most to be re- 
comtncnded is Jussooe, a village situated on the right bank of the 
Hindiiu River and lOj miles due east of Bynswal. This is what 
is called by the natives an earth lime, that is to say, it is marie, 
found in a horizontal stratum, to all appearance consisting of an 
unctuous white earth — this earth is dug out and made into balls 
which are placed in the sun to dry, after which the balls are burned 
in the kiln in the usual way. This lime is exceedingly light 
colored and might be taken for the darker varieties of stone-lime 
—it is delivered at Bynswal and its neighbourhood at 12 rupees 
per 100 maunds. The Jussooe lime has a high name with the 
natives of this part of tfie Doab, and its use is not merely conlmed 
to the immediate neighbourhood of the village, but it is extended 
to Suhar unpoor, and other large towns. 

TecJcrole Kunhir Lime, 

298. 1 will only advert to one more locality from which lime 
lias lieen taken, and I do this from the circumstance of the lime in 
ilijcstion being invariably used by the Natives, without being mixed 
with any other ingredient ; this lime which is made from a kunkur 
IS brought from the village of Teekrole, 2^ miles S. S. W. of Abba 
—it is delivered at the Canal works in the neighbourhood, at from 
7 to 9 rupees per 100 maunds. The kunkur from which it is 
made is impure although prolific in the remains of fresh-water 
shells — and the lime as produced from the kiln, in as far as 
appearance goes, has nothing to recommend it — tlie Natives, how'- 
ever, consider it to be a good cement, when used without any 
admixture of soorkhi or other material. The bridge at Rampoor 
(with the exception of the arch in which stone limb was used) is 
built entirely with brick and Teekrole lime as recommended by 

Y 
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the Natives, unmixed with soorkhi — as this bridge will, when the 
Rampoor Falls are under construction, be removed, it will be in. 
teresting to examine the masonry and report on the qualifications 
of the Teekrole lime. 

Suggesting the inexpediency of mixing Soorkhi^ <5'C., with the 
common Kunkur JAmes. 

299. With exception to the very superior descriptions of marie, 
to those I mean in which the carbonate of lime largely preponder- 
ates, I am convinced that in the Department of Public Works the 
mixture of soorkhi with marie and kunkur lime is a mistake. The 
common marles and kunkurs when taken out of a kiln consist in 
their own parts of the natural ingredients for a cement : in most 
instances they will be found to consist of a large proportion of ar- 
gillaceous and other matter combined with the carbonate of lime; 
if this is the case, it is evident that the eftect of any further ad- 
mixture of soorkhi or sand must be injurious. 

P. T. CAUTLEY, Capty 
Supdt, Canalsy Doahy 


Vebiuary \2thy 1845. 



APPENDIX A. 


REPORT ON THE LEVELS OP THE DOAB CANAL. 


From Capi. P, T. Cautley^ Officiating Superintendent Canals^ 
Delhi Territory. To Capt. Edward Sanders, Secretary Military 
Board. 


Doah Canal Office Aprils 1837. 

Previously to describing the method proposed for re-modelling 
the levels of the Doab Canal bed, it may be better to give as con- 
cise a sketch as possible of the general aspect of the section upon 
which this work has been executed. 

2. In looking at the Map and direction of the Jumna from the 
Levels of the Delhi & where it leaves the Hills to Delhi,’ and 

Do9b Canal compared, observing the position of the Delhi and Ooab 
with the reasons for the . 

demand ofsuch extensive Canals w’ith their sources opposite to each 
woiks on the latter. Other, their lines running parallel, and their 

escape or tail water joining the parent stream at points also op- 
posite, an indifferent observer would naturally consider that under 
such coincident circumstances any difficulties would be common 
to both, and that the works required for the maintenance of one 
Canal would (supposing their capacities to be the same,) be simi- 
lar to those of the other. 

il. With regard to the centre and southern regions the levels 
of each Canal correspond in a great measure ; the^tep which oc- 
curs into the Khadir near Surrowli on the Doab Canal, and which 
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is passed by a succession of falls and lockage, is on the Delhi 
Canal maintained on the high level by crossing a hollow at the 
Poolchadur Aqueduct: by retaining this high level into Delhi, the 
city is amply supplied with water, and the rapid descent into the 
Jumna takes place almost immediately at the end, the greater part 
of tlie tail water passing through and turning flour mills, and the 
whole escaping over paved and well protected channels into the 
river. 

4. It is in the northern region in which we observe the greatest 
difference ; on the west of the Jumna the Canal passes over wide 
and open beds of shingle, upon which the stream is able to exhaust 
itself. These shingle tracts extend as far south as the Dam at 
Dadoopoor, from whence the Canal passes off in its old and tortu- 
ous clianncl ; on the Doab Canal on the contrary the line of Canal 
takes an easterly direction : branching off from the old stream of 
the Jumna at Nyashur and deserting the shingle almost immedi- 
ately afterwards, takes its course over the high lands of the coun- 
try, with a similar declivity ; therefore on both lines the great step 
is passed, in the Delhi Canal over a succession of wide beds of 
shingle with considerable tortuosity of channel ; whereas in the 
Doab Canal the small space occupied by sliinglc is chiefly passed 
by an excavated passage, on every s\ipcrficial inch of which attii- 
tion is in constant progress; in advance of this shingle the Doab 
Canal proceeds on straight lines over alluvial tracts more or less 
Sandy — inadequate in themselves to withstand a current of such 
magnitude. 

5. The extent of the shingle beds on the west of the Jumna, 
therefore points out the comparatively easy way in which this step 
of country is passed on the Delhi C.anal, and explains at once the 
absence of any necessity for artificial descents for the water ; in 
opposition to the absolute necessity for such works on the Doah 
Canal, where \he objects common to both lias to be accomplished 
under such different circumstances, 
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G. On leaving the Boodhi Jumna (an old branch which was 

Diiection and posi- formerly the main channel of the river,) the 
tion of the Doab Canal ' 

^vith reference to the Doab Canal at the village of Nyashur takes 

i nT 'inXrt'in"'“he ® direction, keeping as near the 

distribution of the fall t,ills as the levels would permit, to the Mus- 

t!iroii‘r!iotit its course 

and piobable reasons of kurra river and the village of Kulsea : on this 
1, "byltVorig"- drainage of the hills and forests is 

rial projectors. Cut at right angles, and independently of the 

Miiskurra river, the Canal is crossed by the Raipoor Nulla, the 
Jatonvvala Rao and the Nofrong Rao, all of which, but the latter 
especially, although usually dry, carry large volumes of water 
(hiring the freshes in the rainy months ; from the position of the 
darns and masonry works on these rivers relatively to their dis- 
tance from the hills, it may be supposed that the slope of their 
beds ;it the points of contact is great. The diHiculties consequent 
on the construction and maintenance of dams and checks to hirge 
bodies of water passing on rapid descents over sandy soil, have 
shewn themselves througliout all our operations, exhibited in a 
system of retrogression of level upon the tails of the dams. '1 he 
ste])s or abrupt descents caused by this evil have been met by the 
application of weirs or slopes of frame boxes filled with stone, 
which as far as they have gone have been successful. 

7. From the village of Kulsea the general direction of the 
Canal may be described ns nearly north and south to the village 
ofLowalpoor, in the Meerut District, it then obliques oif to the 
west towards Deola from whence it continues in a southerly direc- 
tion until it reaches the Jumna opposite Delhi. 

8. The line of Canal on leaving the high ground of Suharun- 
ponr runs precisely on the summit of the ridge or high laud, which 
separates tlic Hindun river from the Jumna, its position enables 
the cultivators to irrigate on the right and left with every facility, 
with a slope more or less gradual from the waters qf the Canal to 
the valleys of the abovementioned rivers. The levels are admira- 
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bly adapted to the purposes for which the Canal was intended, 
and as tlie line of the present work is that of the ancient Canal, 
one is struck with the skill of the Engineer who without the aid 
of the instruments which assist him of the present day, could lay 
out and plan a work of such ingenuity. 

0. The total (Jail from the old or Fyzabad Head to the Jumna 
opposite Delhi is 421*08 feet agreeably to my own levels, the 
total distance being 134*06 miles, giving an average fall per mile 
of 3*14 feet. 

An average of this sort however, is by no means explanatory, 
in consequence of the unequal distribution of the fall ; for instance, 
from the head to Manukmow opposite Suharunpoor, that is to 
say, on the first 28^ miles the foil is 186*37 feet, a total which 
very nearly absorbs half of the entire fall of the Canal : from Sur- 
rowli again to the Jumna, on a line of upwards of 1 1 miles, there 
is a fall of 45*6 feet. 

10. The distribution of the level therefore will be as follows: 


Miles Ft. Yds. Feet. 


From the Canal Head to Manukmow, 28 5 

„ Manukmow to Surrowli, ..94 2 

„ Surrowli to Delhi,., .. ,,11 0 


117 =186*37 
141 =189*11 
81J=: 45*6 


Total distance and fall, 134 0 119^ = 421*08 

In other words, from the head to Suliarunpoor and from Sur- 
rowli into the Khadir of the Jumna, theie are two steps of des- 
cent ; the intermediate line running as will be hereafter shewn on 
a very general level of about 20 inches per mile. It may be 
doubtful how in the absence of all works on the ancient line of 
Canal, especially on that north of Kulsea, the Canal was ever 
maintained by its original projectors as a running stream. Tradi- 
tion only beiq-s it out as a very small body of water which ran 
for one season, until the period of Zabitlia KJian’s repair, when 
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the town of Behut was put in jeopardy by a heavy flood which did 
considerable damage, and of which the marks are now apparent in 
the hollow near Behut, called the Behut Khala, east of and near 
tiie point where the Bclka Falls are now constructed, and between 
the Nogong and Muskurra rivers; the distance between these two 
rivers is only (taking all the tortuosities of th^ ancient channel) 
about 3 miles, .and the fall is equal to 27 feet, the soil consisting 
of river sand ; it is evident that no body of water could long run 
without forming a cut or ravine which would have brought the 
wliole of the Nogong rain supply into the bed of the Muskurra, 
and this (from the excessive descent into the latter) must have 
remained permanent ; it is therefore to be concluded that the 
Doab Canal was never used as a line of irrig.ation in its full ex- 
tent, but that it w'as a work in all probability either constructed 
hy Alii Murdan Khan himself, or by some cotemporary who, 
seeing the success of the operations upon Feroze’s old lines of 
works, projected a Canal parallel to them in the Doab. The 
tad of the old Doab Canal terminated in an artificial tank or lake 


surrounded by ancient buildings opposite Delhi, of the period all- 
uded to the Canal probably ran during one dry season, and was 
given up from the diniculties encountered in mimaging the moun- 
tain torrents, north of the town of Suharunpoor. 


11. On my receiving charge of the Doab Canal on the 1st of 
January 1830, the excavation and most of 
the works were completed ; it was opened on 
the 3rd of that month in the absence of 
the Superintendent, Colonel Robert Smith, 
C.B., of the Engineers, the state of whose 
health had made an early departure to 
Calcutta of imperative necessity ; the* water 
rejoined the Jumna on the 14ih with a steady 
and uninterrupted flow. Tl^e bridges were 
designed with waterway counter-arched and vurtained, the curtain 


Opening of the Doab 
Canal, wilU the atter dis- 
arrangement of the levels 
of the bed. Progressive 
adoption of works for 
their re-establishment. 
Deposit of silt pointed 
out and explained. Di- 
minution in the influx 
ol silt since the masonry 
falls in the northern re- 
gions have been cstab- 
lislied. 
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walls being sunk to a moderate depth only on all the line south of 
Siiharunpoor where the soil was good ; at the bridges north of this 
point and in the sandy districts, the curtain was in some instanc(\s as 
deep as 14i feet, at others where tlii.s could not he managed from 
the interference of spring water, wells w'ere adripted, hut the bridges 
were protected as.far as possible by flush curtain foundations, 

12. The levels of excavation were guided in a great measure 
by the country’s surface with reference to irrigation, so that wluai 
I refer you to the black line on the section of the Canal which ac- 
companies this Report, a very tolerahh* idea of the superficial sec- 
tion of the country may be obtained. By reference to this section 
it will he observed that the Canal bed consists of a series of alter- 
nating levels, a fidl of considerable rapidity at one point, is fol- 
lowed by a line of comparatively moderate descent, this is followed 
by an other rapid, and so on throughout the whole line. About a 
fortnight after the water liad been admitted the evil of this inegu- 
larity liegan to display itself, at the Bidka and (/hoonna bridges, 
as well as at rlie Scliiiifioor bridge at the extreme tail, fonnida'ole 
rapids at once established themselves, at Ihdka tlii' force of the 
current was beyond all control, and at the (Bioorina and Selimjiooi 
bridges temporary rapids did their duty : it may only he taking 
up your time to enter into this detail, the wlioK* of whieh ha> been 
previously recorded, hut the authority of Governmeiit tor the con- 
struction of works at the above places, was followed by a fiirther 
authority for the construction of a farther senes of falls south of 
Kulsea, at Niigla, Bohyl and Uuiidole, to dispose of the great step 
to Ghoonna, and also for the eoinpletion of a set of tails at Sookul- 
poor, Sikrani, and Jaoli to complete the levels and eom|Lier the 
descent into the low lands of the Jumna. Tliese works have 
proved satisfactory, in as far as this line of level has been eoucerneci, 
and 1 had hopes that although the intermediate tall was enormous, 
1 might have Veen able to remedy the evil by strengthening the 
tails of bridges willioiit having further masonry w uks. 



DOAB r\NAI.. 


177 


13. During the period abovenieiitionod vvlu n the wear and tear 
of the Canal lied (extcndiiii^ alon^ tlie whole line of step from the 
li M 1 to (ihounii a) wa-i J^oini^ on, muh'r lajnds mcreasiiiij^ in power, 
os t)i('y K'troi^radt'fl, and durin^^ the time when all the Canal chan- 
lu l m the up])er line was gettinir ch-aied out of sand, the (piantity 
ol silt earned forward was very great, the ileposits est.ihlished 
thiMinelves partially opposite Snharim|)oor, hnt more espeei.ally at 
tour points fartlu'r south, viz. north of Bynswal, north of Kaiidla, 
south of Kiikiipoor, and in the neighhomhood of Lowalpoor; the 
process has toitiinately been so gradual that I have been able by 
oieat exertions on th(‘ part of th(‘ 0\eiseers, and latterly by the 
e iinhleratiou ot the Milit.iry Board m alh)wing nu* an Assistant 
()vi‘isin'r, to kee)) tlie embankments up to t1u‘ eneroaehiiig evil. 
The jiioeess of the deposits will be di.stmellv recognizable liy re- 
teieiicc' to my line of levels. T'lu' silt first takes up its position on 
l!ie most advanced point, a short wav in re.ir oftbe head of a ra])i(l, 
.I'll the deposit eonlinnes to form, i etrogimdiiig, until the bed has 
j iiii'mI soinelhmL’ like its prop ‘r regiim'n, or in fact obtained an 
}iin I'linntfij of slojx' on rxlrnded lines. Bv refmiiiig to tlu' slu.'et of 
^(■ctl()ns, and looking at tin* line north of Byiisw.il, iV'C. il’e., the 
uiciimstaiiei* to w'hieli I refer will, I think, be apparent, it is a point 
ti; uhieli my attention has been ('sj)eeially direetcal. I'or the last 
^i\ \(‘ais ! have w.ilcbed the whoh piocess with attention; and in 
the piojecL foi le-moih'llmg the levi'ls wbieb I have tlie honor of 
>iihmittmg, the observations so obtained h:i\e beam taken especial 
a(l\. Ullage of; on my submitting plans and estimates for the J''alls 
smith of Kulsea, I ])ai ticulai ly adve'ited to the cirenmstanee of tlui 
silt depo^lts, of their origin, and of the final results that I considered 
wniihl t.ake place from improvements proposed — it was my con- 
Mction that the silt originated from the clearance; out, and deepen- 
ing of the' hue of Canal upein its wIioU' noithern cemr.se, but 
fspi cally at theise jiomts be'tw^ee'ii the Nogong and Mfjsknira rivers 
ukI south of Kulse.i at which the Calls were to he' hmlt. I coii- 


/, 
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sidered that the portion of sand or silt derived from the Canal water 
passing over the dry beds of the mountain streams was compara- 
tively of no moment, and that ultimately on the establishment of a 
proper regimen in the flow of the Canal water, we should gradual- 
ly rid ourselves of the silt; this was a point which was discussed 
at some length, and doubted in Calcutta — the minutes of two 
Members of the Military Board at that time, being opposed to the 
principle. The results have, however, most undoubtedly borne 
me out in my opinion, the influx of sand and silt is so much les- 
sened, that all the deposits opposite Suharunpoor, (that is to say, the 
most northerly one on the whole line,) are now carried forward, 
and in the place of 2^ feet of silt on the floorings of the Manuk- 
mow, Mekcdiupper and Adunipoor Bridges, the original rapids are 
acting with their former vigour. To the head of the Ghoonna 
halls, the water runs as clear as it could be expected to do, under 
the rush and removal of soil that takes place at the immediate 
tails of Falls, (and on the line south of Belka; for which plans and 
estimates for an additional Fall have been submitted) ; in short, 
that the influx of sand now is insufficient to maintain the deposits; 
that those most northerly have all been carried forward ; that the 
deposits generally on the Canal are undergoing a similar advanced 
movement — and that the time has now arrived, when an extension 
of Falls, and a general regulation of the line of levels, may be put 
forward with advantage to the interests of the Canal. 

Id. In obedience to the instructions conveyed in your letter of 

the 14th February 1830, the pi ans and 

Preliminary remarks on . 

the proposed works, for estimates have been formed under the two 
remedying the irregulaii- considerations of irrigation and navigation; 

ty ol the existing levels. ® ’ 

No. 1 Fstimate, shewing the amount of 
w'orks, required for simply completing the levels so as to admit of 
security to irrigation ; and No. 2, that for a navigable line, with the 
exception of a*decrease to the Fall in the latter by the adoption of 
two additional Falls of 4 feet each, the works of the former arc 
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similar to those of the line for navigation, the additional length of 
chamber might be added hereafter if necessary. In considering 
cither or both of these arrangements the following preliminary 
observations will apply. 

15. In Canals, in a tropical climate, where vegatation increases 
rapidly, and where such an increase of vegetation in the form of 
reeds, rushes, and water plants, is of the most serious inconveni- 
ence, it is necessary to pTovide a run of water that will be suffi- 
cient to prevent the growth of plants, and insufficient to act in an 
injurious way to the bed and sides of the channel ; a fall less than 
12 inches per mile will not prevent the growth of water plants ; 
tint which lias lieen used by me with the greatest success is one 
inch per hundred yards or 17*6 inches per mile — in a hard soil 
this may be considered the minimum and 24 inches the maximum, 
with such a fall no annoyance from weeds need be anticipated, 
In my plans the existing bridges have been taken into consideration 
with a view of applying the re-modelled line as closely as circum- 
stances would permit to their floorings, and to economize as much 
as ])ossible tlie works iijion which the present alteralion in the 
level will act. This has partly been the cause of 24 inches per 
mile level having been extended to such a distance, the maximum 
descent might perhaps with advantage be avoided as in the No. 2 
Estimate, although considering the tortuosities in the lower part of 
tile line upon which this will run, I do not consider that any ill 
effects will arise from it ; more especially as it w ill he seen that 
tlio tails oftlie 4 feet Falls are provided with an advanced line of 
piling in addition to the terrace or box flooring. The line of levels 
has been considered in two portions, the first from the Canal head 
to the Kandla Bridge flooring; and the second from the Kandla 
Bridge flooring to Selimpoor and the Jumna; the first portion is 
that only upon which I intend to ofter any proposal for masonry 
works ; the fall from the Boodhi Jumna to Allump(ior i^ immense, 
hut as it traverses shingle on the greater part upon which the 
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rapid descent takes place, and as there can be no demand witliin 
any reasonable period for the passage of any tiling but rafts, which 
in moving from the upper to the lower line w'ould not be incom- 
moded by such rapids, I shall consider this upper portion of the 
Canal as in such a state that the levels may be maintained by 
ordinary repair with the use of frame boxes ; on this point Colonel 
Colvin has also expressed a similar opinion, as in the event of the 
Canal becoming a navigable channel for boats, the country opposite 
Gundewur and Allumpoor would in all probability be the most 
northerly point from which grain or merchandize would be loaded: 
with regard to the second portion, or that from Kandla to the 
Jumna, tlie lowest half, including the step into the low lands before 
alluded to, has already been rectified by falls and locks, the space 
only between Kandla and the head of the most northern Fall at Soo- 
kulpoor is to be considered, — on this line the existing fall is as 
nearly as possible 20 inches per mile, a good and efficient slope, 
requiring no reduction ; the present inconveniences arise from the 
irregularity of level formerly referred to (para. 11), this will lead 
to the protection of the tails of bridges (the Nalla bridge at this 
moment has a severe rapid under it), and as at Romaila, Ihiral, See. 
a rise to the banks and bridges. The supply of water on this por- 
tion of the Canal does not however offer such serious impediments 
to counteracting its effects, as it does in tlie northern districts, tlic 
stream here is more under control, especially since the construction 
of the escape into the Shamli Nulla at Kliccri, and any deposits of 
sediment will be sufficiently gradual to admit of a gradual repair, 
and this I would recommend under Estimate No, 3 in preference 
to putting the w’ork at once into execution. 

16. From the Roodhi Jumna Dam at Nyashur to the Head of the 


On tl)p Doal) Canfll as 
a hiiL’ of irngKiion, sped- 
fnation of ^vollv'^ letiuiipd, 
slopes of re-jnod^led bed. 


Belka Falls and Regulator, masonry works 
will not, as I before remarked, be required ; 
the rapids which exist may be maintain- 


ed by frame box-work, and in my annual estimate for ordinary 
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j-opriirs the maintenance of this lino will be especially adverted 
to. From tlie Belka Falls to the head of the Surkiirri Falls, a 
descent will be provided of 17‘() inches per mile, or thereabouts, 
to effect which a new set of Falls of 7 feet descent will be re- 
quired between the Belka Falls and (he Muskuira river: plans 
and estimates of which have Ixen already submitted to the 
Military Board. Fiom the Surkurri Falls to the Kheera Oiidai 
Falls, the soil bein;; of a tenacious quality, kunkur and clay, with 
the most southerly half of the line tortuous and irregular, a di’sccnt 
will be provided of 24 inches per mile; on this line I propose the 
construction of a series of half falls of 48 inches each, agreeably 
to the plan accompanying, at the following places : — 


1st. Fall North of the Snrkmri Bridge. 

2nd. 

do. 

llalalpoor do. 

;ird. 

do. 

Mekehupper do. 

4tli. 

do. 

Beeree do. 

r)th. 

do. 

Balpoor do. 

(ith. 

do. 

Bampoor do. 

7th. 

do, 

Kulinrpoor do. 

Hth. 

do. 

Poojna do. 

mh. 

do. 

Kheera Gndai do. 

A total of nine I'alls 

— they 

w'ill he constructed agreeably to the 

an acconij)anying, (w 

ith the 

exception of those at Surkurri which 


Mill require well foundations and the full length of chambm’,) with 
a inasomy tail of *10 feet in length from the ogee, and with a 25 
feet terrace of b(|xes loaded with river stone or kiinknr, whichever 
may be cheapest, and the most readily procurable; these tails or 
terraces v\ill have a slope of 12 inches, and a line of piles ilriven 
Midi their heads on a level with the rear line, at a distance r)f 25 
feet in advance, by which means wear and tear will be interrupted 
in any retrograde, and the means provided for filling the hole made 
by the waters rush with heavy material. From the Kheera Giidai 
Falls to the Kandla Bridge, the descent will be equal to 20 inches 
per mile, to effect which the floorings of four hitdges opposite 
iihanili wdl] be lowered, and the water will be allowed to clear 
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away (a work which has long been in progress, but only interrupt- 
ed by the bridge floorings much to their detriment,) the bank or 
bar, as will be seen by reference to the section; as this bar has 
been the cause of the excess of deposits north of Bynswal, with a 
corresponding expense and anxiety in the management of the Canal 
at tliat point, under such a rapidly rising surface, its removal is a 
point of the most immediate importance, and the alterations to the 
bridges with reference to getting rid of such an incumbrance was 
commenced upon, as an ordinary repair, in the early part of the 
present cold season; it will, I hope, be completed and ready to 
be put in operation by the commencement of the rains. On the 
line north of Bynswal, the arches of the following bridges will 
have to be raised : — 

1st. jN’ynpoor Bridge. 

2nd. 'Pirwa ditto. 

3rd. Jhinderri ditto. 

This, with the completion of the banks, will constitute tlic re- 
modelling of the line from the Head to Kandla.* 

17. From Kandla as I have before noted, to tlie head of tlic 
Sookulpoor Falls, (the line south of tliese Falls having been re- 
gulated,) the declivity of bed is as nearly as possible 20 inches 
per mile, the difliculties under which it now labours arising from 
the irregularity of distribution, and not from any excess of slope. 
I consider that it would be useless to reduce the present fall by 
the construction of masonry works, and it would lib most injurious 
to the irrigation, now so rapidly advancing, to attempt by altering 
the Canal bed to reduce the height of surface water. The body of 
water by the time it reaches Kandla is so much reduced, that it is 
always under control, deposits that will take place can be met by 
gradual repairs, and under the diminution of the influx of sand, 


* As the re-modelled slopes have been calculated on the supposition, that the 
whole distance ha^weeii Abba and Bynswal was in a straight instead of on a tor- 
tuous line, it is possible that the Poojaa and Kheera Gudai Falls may be dispens- 
ed with. 
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witli the action of a ctirrent movinj^ on a slope beyond 18 inches^ 
there is no probability, I imagine, of tlie Canal bed actually as- 
suming the regularity of slope, shewn by my dotted line on the 
section; the deposits with which we are troubled, consist of soil 
too light to admit of permanence : the silt deposited at low angles 
will remain, and it will only be when the deposits come within the 
action of the higher slopes that they will be pushed forward. 1 see 
no necessity whatever for interfering with this line at present, ex- 
cepting by repairs and improvements at certain points ; at Homalla 
and Hural perhaps a rise in the arches of the bridges may be 
hereafter required. In my section a dotted line has been drawn 
to shew the actual slope of 20 inches per mile, but as I have 
before said, there are sufficient reasons, why silt should never in 
reality assume such a regularity of level under such a slojie; the 
st'ction will, however, shew to the Board the irregular distribution 
of the present levels as exhibited by the dotted and the plain lines. 

18. The series of descents between the head of the Bulka and 
tliat of the Sookulpoor Falls will be thus: — 

From Belka to Surkurri, 17*0 per mile. 

,, Surkurri to Kheera, 24 ditto. 

„ Kheera to Sookulpoor, .... 20 ditto. 

19. In the plan proposed for the new' Falls, I have been led 

On the adoption of observations made on those that have 

thief (■hambers to tlie I-allt, been in uso, to give an increased width to 
iiivtiad ot two — inconveni- 

uKOhot two chdinbcib at the chambers, so that the water in its pass- 

liJKd ImHs. masonry may not be contract- 

ed, and that means may be provided for the repair of the floorings, 
when by accident or otherwise such a repair is required. To a 
person who had never seen the Falls at Belka for instance, no 
description would probably come up to the rush and fury of the 
torient as it passes over the second descent; 1 confess rny own 
surprize at the teiiacity of masonry in resisting such an opposing 
foice : the water has now been in constant progress over the Belka 
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Falls for six years, with no further injury than a slij^ht damage to 
a lloormg froin a raft laden with stone having passed down by 
accident, and to a slight settlement of the left tail wing revetuieiit, 
which has not arisen (Voin any weakness in the masonry, hut from 
the clearance out of the soil in advance of the work, and the 
foundations suffering under a head pressure of more than 15 feet, 
which has been gradually forcing the substratum from underneath 
the floorings evils of this sort will he prevented and remedied 
by tlui construction to the south of the Behut Falls, these v\ill 
hold u]) a back-water and not admit of the stream running off the 
tail on a free slope. Loits of wood, trees, and articles of that 
description are very injurious to tlie floorings of these I’alls, and 
it is impossible to prevent their admission into the Canal. The 
plan now proposed of a centre opening of 20 feet and two side 
openings of 15 feet each, with division walls, will jirovide the 
means of eflicient repair under accidents of this nature, and a 
chamln'r can beat any tinu* hud dry without inteiniption to the 
Ho\v of water. In the existing Falls at Belka, Niigla, Bohyl, 
Kundole, and (ihooima, an accident is of the most seiious impoit- 
ance from the excessive diflicnlty in repair : and with regard to 
the Belka Falls, this is a jioint which lias so forced itself on iny 
notice within the last year, that with the permission of the Boaid I 
would suggest the advantage of applying tlie additional 15 feet 
chanihcr, a work vvlncli might be executed after the Behut balls 
were completed. 

20. Ill considering the term navigable Canal m its accepted 

The D.«ib CaiiaU. a scnsc, viz. a navigable cliamiel with no 
navigable line. current to impede or delay the jiassage of’ 

craft, and with the levels completed in a scries of still or nearly 
still reservoirs, the Doab Canal can hold no claim to any consid- 

* The action here referred to ultimately led to the giving way of the hiwer 
chaiiilici The substitution ot an iiiclintd plane for the oiiginal ogee, and tlie 
coiistruciion of tlio liebut Falls, which have thrown back-watei upon thobC at 
belka, have rendered the latter woik quite sccuie. 
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eration ; nor would any moderate project for such a re-modelling 
be cither consistent with, the objects in view, nor would it be 
beneficial to the cultivators in the point of irrigation. 

21. There is a medium, however, in which both objects may 
be gained, we may keep the flow of water under the proposed 
regimen, so as to counteract the evil to be expected from weeds, 
and at the same time by converting the present Falls into locks, 
provide the means for every species of navigation that we can 
possibly expect in this remote position for a number of years. 

22. To this point I liave always had my attention fixed— all 
tlie Masonry balls that Iiave been constructed, are in a state to 
provide lockage by the mere application of gates, and the fixtnro 
of the supports for the collars, with the exception of the Ghoonna 
Falls, in which a trifling ad(btion would be required in fixing the 
stones for the lower gate pivSs. In my plan proposed for irriga- 
tion in the last section, this system has still been continued, and 
the lock chambers are left incomplete simply in the advanced half 
of the masonry. 

23. Keeping therefore to the present system as much as possi- 
ble, I have appended an Estimate regarding the Doab Canal, as a 
navigable line, under the following modifications, considering that 
rafts of timber of different descriptions are the only species of 
articles requiring conveyance on the upper line from the head to 
the Belka Falls I would, as in the Canal for irrigation, have no 
masonry works north of that work. The lockage would com- 
mence at the Belka Falls and would be continued throughout the 
line to the Sookulpoor Falls: these Falls with the southerly ones 
ofSikrani and Jaoli are already locked; Selimpoor has also a 
chamber ready to receive gates if necessary, although were the 
tlcscent into the .Tumna from Selimpoor requisite, as it would be 
under a regular system of navigation, a second chamber would be 
required, as the present one is allied to the Mills hi such a way 
that the passage of boats would be the source of constant interrup- 
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tion to the millers. During the rainy months wlicn tlie Mills are 
not running, in consequence of the heiglit of back-water from the 
Jumna, no lockage would be required, as the Jumna at this period 
affects the surface level of the Canal as far back as the Jaoli lock 
chamber, up to v\hich I am in the constant habit of boating articles 
from Delhi dnring*tbe rains. 

24. I would reduce the 24 inches per mile line of levels to one 
of 20 inches, by two additional 4 feet Falls, this with the meie 
conq)lotion of the chambers to their full length, would constitute 
my project for this nioditied line of navigation : tlio Estimate for 
which, is that numbered 3. I would not for a moment hold out 
to the Military Board any liope of an immediate demand for the 
Doah Canal as a iiavig.ahle line, hut that it will he so at some 
Aiture time I have no doubt of. Tljg Board will be best able to 
judge wliethcr it would he advisable by recommending No. 
FNtimate, to Complete these woiks at once, whilst the Canal water 
is turned round the works; and with an uniformity of design; 
or whether it will he hettcr'to kcej) the navigation piiiiciple in 
abeyance. 

2.}. The Estimates which accompany this, will, f trust, he sat- 
isfactory in shewing the amount which will he probably exp('nded 
on either side, whether that for irrigation or for navigation i-; de- 
sired. The difference is Company’s Knj)ees .'i 1 ,‘U 4-0-0 — I would 
submit tlie advantages of the latter, as I consider that as lockage 
will assuredly he called for hereafter, the ])oint can only hinge in 
an economical point of view on the intere st of the exei'ss of outlay 
— that is to say, on the interi'st of the above sum of 51,313-0-0, 
and I think that in descending into details, it will he found that the 
contingencies depending on the after adoption, and after com- 
pletion of the chamber, will more than coimterhalance any economy 
of this sort. The contingencies to wdiich I allude, are : — 

1st. A ntccssity for turning the Canal water, digging cuts, 
forming bunds, &c, &c. 
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2n(l. Taking up all the advanced terrace and piling ; the stone 
of the former will bo saved, but the whole of the piling will be lost. 

;}rcl. The usual contingencies attached to setting works of any 
description in progress, when such works especially are at a dis- 
tance from towns and workpeople. 

. 26. In conclusion and with reference to the subject of naviga- 

Co,Ktu.ion with ref...- i as the Doab Canal runs ccntrically 

ciue lo tKi\igation, and through this portion of the Doab, connect- 
thc use that has alip.idy , . t . ^ ..i 

ban ni.uie of the fanaias mg itself With the river Jumna at both 

a hue iol boats and ratts. extremities in an open and passable chan- 
nel, it will not only be open to rafts, which under a moderate 
transit duty, would, on many occasions, if not always, prefer this 
line to that of the main river, but it would lead to cheap means of 
carriage for all the produce of tlie countries through whicli it runs, 
of the grain and sugar of tlie Suharimpoor, Mozuft’urnuggur and 
Met rut districts ; it would provide a cheap means of carriage for 
all the Hill produce which would be brought down to Gundewur 
and Uaipoor and boated to Dehli : and as the northern regions 
ftotu the moisture of the climate are well adajited to the growth 
of Indigo, although no European speculator has yet put it to the 
test on a large scale, we should be able to open out a connecting 
liiu' between the Indigo tracts and the main navigable line of the 


• 27 . In the present state of the Canal, and with all tlie disad- 
Mintagcs of the bridges north of Eynswal, having their water-ways 
choked from the rise of the level of the water’s surface, I am in 


the constant habit of floating timber of all descriptions from Suba- 
iiinpoor to Delili and other intermediate points; at this period 
timliers similar to those which are selling in Delhi at 22 rupees 
each arc floated down, including the Canal transit duties, and all 
other expenses, for rupees, 17-8-0, and other articles are obtained 
ill this way at an equally reduced rate : boats have long been in use 
on the works for the conveyance of articles of every description, 


2 A 


0 



188 


DOAJi CANAL. 


with a ^rreat saving to Government in the cost of materials. Fire- 
wood, and trees cut down in clearance, arc forwarded to Oelili in 
the Canal boats, and during the last year have made a considera- 
ble increase in the return for “ Sale of Canal produce.” I liave 
lately established two boats for the transport of grain and merchan- 
dize from Shamli.to Selimpoor, the return for which has been s'.ib 
ficicnt to make me mention the circumstance, as one likely to i)e 
productive of benefit, the passage of tliose boats has been inter- 
rupted by the want of water in the lower part of tlie Canal, owinc 
to the state of the banks in the centre division ; but tlie success of 
these two boats under the present disadvantages, leads me to infer 
that the results will be very satisfactory when the siijiply of water 
will admit of an uninterrupted progress. A great desire was ma- 
nifested by the Shamli traders to enter into this arrangement, and 
I look forward with a tolerable degree of certainty to the esta- 
blishment of a regular systmn of boating between the centre of the 
Canal and Delhi, this will in due course lead to a communication 
with the higher points, with Suharunpoor especially : 1 therefore 
hope that in taking into consideration the estimates which I have 
now the honor of submitting, the Military Board will consider that 
the prospects of the Doab Canal being used for navigation, are by 
no means hopelessly distant. A part of it has already entered into 
its initiation, and if the moans olfered by my No. 2 Estimate are 
approved of, the prosjiect of a more extended use of the waters, 
as the means of carriage, is likely to bo more immediately realized.'* 

(Signed) P. T. CAUTLEY, Ca^itahi, 

Officiating Superintendent Canals, 
Delhi Territory and adjoining Districts. 


* I have not tho»if:ht it necessary to give eopies of either the plans of Kalis or 
the Estimates refeired to in this Heport, tiic passiiij^ of which thioiigh the Press 
would he a source of delay this Appendix moreover is especially directed to the 
elucidation of the original and projected slopes of the Canal bed. 
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Malaheeri ditto, ... 5760 



Statement of Irrigation Openings, Packa and Cutcha, in Centre Division, Doab Canal, from Ghoonna 

to M undait. 

Camp, Berkhin, 9th November 1S44. 
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Statemen't of the Number of Irri«:ation Opeuin^s from the Doab Canal, South Division, Rajbi>ha 
Heads and brains, both Pucka and Cutcha, &c., &c. 
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Sitpt, Canals, Doab, 




r. C A UTLEY, Captain^ 
Supdt. Canals, Doab, 4‘C. 



Statement of Expenditure and Number of Trees alive in the Plantations forming along the banks of the 
Doab Canal, from the 30th April 1835 to the 30th April 1844. 

Doab Canal Office, May 1844. 
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The Beegah is considered as tliat of 55 yards square. 
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APPENDIX K. 

Ratks of Transit Duties on the Doab Cana), from the Jumna at the 
Canal Head, to the Selimpoor Mills opposite Delhi, 

( IfUermedisU disiancet io pay the intermediate proportiom,) 

ALL BATES ON THB C0B6S OB 20 IN l^UMBEB. 

B. A. V, 

Saul Timbers, alwve 6 feet in girth, per 20, 40 0 0 

„ 4 , feet to 5, ditto, 80 0 0 

„ under 4 feet, ... 20 0 0 

Toon Timbers, above 6 feet, 30 0 0 

„ . under 6 feet, 20 0 0 

Sissoo Timbers, above 4 feet, 20 0 0 

„ under 4 feet, 10 0 0 

„ under 3 feet, . , . 6 0 0 

llabool Timbers or Spars, • 6 0 0 

Ash Spars, 10 0 0 

Fir Spars, 10 0 0 

Saul Golahs, large, 10 0 0 

„ „ small, 600 

„ Bullahs, 500 

„ Bullies 0 10 0 

„ Pharras, above 12 feet long, 280 

„ „ 9 to 12 ditto, 1 14 0 

„ under 9 feet ditto, 140 

„ Kurries, above 12 feet, 140 

>1 ^ to 12 feet, .........a.. 0 16 0 

„ „ under 9 feet, 0 10 0 

Toors, 0 16 0 

„ Plank pieces, above 2^ feet girth or Saul Sillis,. ... 500 

M » under ditto, ditto, .... 200 

Bamboos, per 100, 080 

Firewood, per 100 Maunds, 100 

Surkunda grass, per 100, 1 Eupee; per 1000, 8 Annas, ... 100 

Moonje and Bhabur, per 100 Maunds, . *10 0 
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Saul Timbers cut into planks to pass as Timbers according to 
quality, if the planks are separate, the number and length, breadth 
and thickness to be written in the Rowannas. 


(Signed) J. COLVIN, Captam, 

Supdt. Canals^ Delhi Territory^ 


The proportions on the above Rates are as follows 


From the Canal Head .... to Kulsea One Tenth, 

Xulsea to Manukmow, . . . ditto. 

Manukinow to Abba, ditto. 

Abba to Berkheri ditto. 

Berkheri to Bynswal, .... ditto. 

Bynswal to Kandla, .... ditto. 

Xandla .to Barote, ditto. 

Barotc to Deola ditto. 

Dcola to Surrowli, .... ditto. 

Surrowli ....... to Seliiupoor, .... ditto. 


The passage of locks will be subject to an additional charge on 
each ascent, or descent, or on each filling of the lock-chamber m 
will be hereafler rated. 


(Signed) P. T. CAUTLEY, Capt., 

Sti 2 )dt. Doah Cand 


In issuing the Rowannaa or Passes^ the following Rules are to ht 
adhered to, and explained to the owners of Rafts. 

1st. Rafts are not to be landed except at the places specified 
in the Rowanna, by landing is meant finally taking them out ol 
tlie Canal, under penalty of infraction of triple duties. 

2nd. If more Timber be carried down under a Rowanna than 
is specified therein, the surplus to pay double duty. If less Tim- 
ber than is specified, the rafts to pay according to the Rowanna. 
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3rd. If tlie Timber of any rafts having arrived at its destina- 
tion is removed in whole or in part, without having been searched 
by the Zilladar of the district or a Chuprassi sent by him, the por- 
tion removed will be liable to triple duties. 

4th. Any open attempt at wilful fraud, when proved, will be 
punished by the forfeiture of the Timber. 

5tli. Rafts on reaching their destination must be taken out of 
the water without loss of time, if unnecessary delay takes place, 
people will be hired to take them out, and the cost charged to the 
owners of the raft. 

6th. No wood rafted down the Canal for any purpose, or for 
any person whatever is exempt from the duty, nor can any be 
passed without a regular Uowanna, which will be given by Ser- 
jeant Pigott, or the Overseer in charge of the North Division, and 
none else arc of any use except such as may be issued direct from 
the oftice for any part of the Canal. 

7th. Injury to the bridges and masonry works will make the 
owners of rafts liable to the penalty of repair, and wanton damage 
caused by the carelessness of rafters in not moving properly, and 
allowing their rafts to run adrift, &c., will entail an additional 
penalty equal to the amount of injury done. 

P. T. CAUTLEY, Copt. 

Supdt, Doah Canal, 


February 12M, 1845. 




WATER-COURSES 


IN THE 


DEYRA DOON, 




DE.YRA BOON WATER-COURSES. 


It is liardly possible to conceive a tract of country more gifted 
by nature in its configuration, profile of surface, and possession 
of perennial streams, than the valley of Deyra — extending between 
the Ganges and Jumna rivers which bound it on its east and west, 
it is confined towards the north by the Himalaya, and towards 
tlie south by the Siwalik hills. Its total breadth is about 48 
miles, and the length or distance between the two ranges varies 
from 10 to 15. 

‘2. At a point nearly centrical between the Ganges and Jumna 
rivers, the valley is considerably elevated; this elevated land ex- 
tends from the Siwaliks to the Himalaya, and divides the valley 
into two portions and two distinct slopes of drainage, that towards 
the Ganges being designated in the revenue maps tlie eastern, and 
that towards the Jumna the western Doon. 

8. At a point on this elevated ridge near an artificial hollow 
or tulao called the Bheem Tal, the Asun and Sooswa rivers rise, 
the former after receiving the draimige from its north and south 
tributaric'^, falls into the Jumna, and acts as the escape for the 
western Doon ; whilst the Sooswa which in its course connects 
itself with the Song, a river which rises in the southern slope of 
the Himalayas with similar tributaries, drains the eastern valley 
into the Ganges. The Sooswa loses its name after this junction, 
the united drainage falling into the Ganges river under the name 
of the Song. 

4. The valley therefore is divided naturally into* four'^ortions, 

A le 
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('acli of wliicli lias a perennial stream on its whole length. Tlic 
tributaries which rise in the mountains to the north and south of 
tliese streams, are in most cases dry at all periods excejitin^ dn. 
rin<^ the rains, although some of them, especially on tlie Hima]a\a 
slope, have water in the earlier parts of their courses, w'hich disrip. 
pears through their shingle beds long before they reach the maiti 
river. 7'liis is the case with the Tonse, a river whicli (similar to 
the Song in the eastern Doon,) rises in the southern slojie of the 
Himalaya under the Mussoori ridge ; the Tonse is a portion of 
tlie drainage of the western Doon and falls into t!ie Asun ; duriii;r 
the dry months there is no water in the hivver part of Its course, 
whilst ill tlie upper, the stream is sullicient to supply irrigation 
to a considerable tract of country. 

f). The declivity of tlie beds of the Asun and Sooswa rivers, 
from their spring heads nenrtlm Bhoem Tal, to their junction w\{\\ 
the Jiimna and Chmges rivers, w'as fixed by the late Cajitain iUi. 
bert as follows : — 

( Total fall from tlu' liend of tlu* Asun to tin' dumna vivi'v, d.VJ ft. 
i Total tall from tlu* head of Soosi\a to tlu‘ (laugc's river, hhS fi. 

The distance in the first case being about 23, and in the latter 
25 miles, and tbe declivity j)er mile being 28‘ol and 37’0 iVef. 
respectively ; tbere is no reason w!iat(‘ver to doubt the accuracy 
of Captain Herbert’s observations, which ajipear to be borne out. 
by the extreme tortuosity a.s well as by the numerous rapids that 
exist on both tliese livers. 

f). From the description above given, it w’lll be evident tliat 
all the ('lcm{*nts rp(piired for an extensive system of inigatioii aie 
naturally provided — and tliat a judicious application of f,kill and 
capital was only required to tmu tliem to the best account. 

7. The natives had l)y no means o\ (udeoked the valm* to 1 ( 
denved fiom using tlie waters from the (hUhront .stre.aius m iiriLni- 
tior, — l/’<.;si(l(*s,a w ater-eoui se takiii from the Kuspmma n\(i 
town of Deyra (which is situated on tlic ccntial eh'vated land Iji- 
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fore alluded to) — immcrons water-courses exist both on the A sun, 
Sooswii and Sonj^ rivers, and even on the lii^li lands in their 
neigld)ourhood — the remains of others, and even of masonry works 
on a small scale, attest the extent to which inii^^ation had been 
carried at former periods, and an attempt had been made to take 
possession of the water at the head of the T^nse liver, and to 
introduce it on the hioh land between that river and the Hindal, 
[mother ravine or river which is connected witli the eastern drain- 
lije. Tradition existed of tliis liavinj^ been effected, and that the 
ivork went to ruin in conse(pience offends between rival Ziimeen- 
lars, — tliis, however, is doubtful, fiom circumstances which came 
to notice afterwards.* 

Brcjdpoor Jl'ater-coin’se — Estimate submitted April 1838. 

<S. At tlie end of I837,f 1 was directed to proc<‘ed to the Doon, 
ind siMVf'v and rejioit on the practicability or otherwise of makmo; 
ise of tlu' water of the Tonse ; my reports, ])lans, and estimates, 
vere submitted in Ajuil of tlu* followiiro: year. 'J'he estimate “of 
Ik* probable expenses to be incurred in opening a uater-conr.se 
ioni the \illa<re o(' Ilei'jajioor in the Deyra Doon, for the ii rij^ation 
d lands Kmii between the Tonse, Asun and Biiidal rivers,’’ amoun- 
ed to rupc'es 1 3d).)5-j-10. 


* In tlic I’uc ora rack .iliout li.ilf a mile fioin flic Rnrotcw.illa Cili.it, flieic 
Ms ;i \t'i\ (iiOiiKlly c-irvcil cli.inncl, ot’alMuU ‘i‘ feet wide and six inches deep — 
Mtli (!) ' e\( eiifion lit (Ills niiik, and some indistinct traces nnne like a loot-path 
hill .1 itct -course, the line w.is lost long hetoie it lo.ichcd tin* antielin.il nd^c 
v I'lii iti'u ill.i , as ihc tine le\ cl ()l the witei- onise i-atvcd onl ot tlu* lock \\as, 
to my lc\c';s, many Cect l)^•l()v^ the ticst ol the Put ofew all.i iidgc, and as 
It t'lii jioint iheiP ueie im signs of tunnelling or olhci woik hy which the w.iti'r 
onhl h.u e p.isscil, 1 iiifct tint tlic w ater-i onrse was never euniplcleil, and that 
lie woik was stopjc d hcfoic it umcIiciI Pnrotewalla. 

j Tlic opnim ; ( Ilf of (his Canal h.id alw.i\s lieen advocated hy the diHci ent 
ivil AiiThoiili III liic Itoon— Messi s. Calveit, Christian, Mooie, Mioie. and 
utirl\ li_\ Coliiiicl ^ oimg, to w hose suggestions and i ei ominendaftoiis, tlie jii oM- 
I'oii o! tnedi loi the execution of the pitsenl work i.s undoubtedly due. 
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Description of the Tonse River^ from which the Beejapoor Water, 
course is supplied, 

9, The Tonse river is a rapid stream, receiving its supply 
from the drainage of the Karkooli valley immediately south of and 
under the Mussoori ridge, and as I have before described in para. 
4, terminates in the A sun river. At the point where I determin- 
ed on establishing the head of the water-course, the section 
of the river was abrupt, and the declivity of bed very great, exhib. 
iting all the characteristics of a mountain torrent in the proximity 
of its water heads. The transverse section of the channel, (with 
the exception of that portion under Purotewalla, where the river 
passes through a small valley cultivated with rice,) from the above 
point to the south of the village of Kowlagcer, is precisely that of 
a ravine ; the stream having carved for itself a channel through a 
shingle conglomerate to a depth of from 60 to 1 20 feet — at some 
places this ravine is wide, at others narrow and confined — but the 
sides are usually mural cliffs with occasional gorges (one of wind) 
I measured and found to be only 27 feet wide), through which the 
torrent had forced itself a passage. From the circumstance of the 
horizontal stratification of this conglomerate, and the variety of 
texture and induration of the different strata, the action of wcatlur 
and the water of the river by removing the softer rock, gives these 
ravines the most picturesque and fantastic outline ; huge tabular 
masses of rock projecting themselves forward, without any support 
further than their own tenacity, and corresponding caverns, ninny 
of them fruitful in stalagmitic deposits, crowned as they are with 
forest and the richest vegetation, render the neighbourhood an 
interesting resort to travellers whether interested in the works of 
the Beejapoor water-course or not. 

10. The boulders or masses of stones in the bed of the livcr 

were (in a proportion of at least one-fouitli) 

, * , lime rock ; wood for kilns, either brick or 

lime was in abundance ; brick earth was at hand ; and as far as 
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material was concerned every thing was favorable. Labor how- 
ever was dear, and without paying a high rate, the laborers to be 
procured in the neighbourhood were of an inferior class, and ulti- 
mately it was found advantageous to procure them from the 
plains. 

1 1 . The supply of water when the measurement of discharge 

I Supply of water and 23rd January 1838, was 

capabilities of the Tunse 24 cubic feet per second, the season had 
as a feeder. * 

I been a remarkably dry one, and it might be 

; inferred therefore that this was the minimum discharge of the river. 
Jhe Nulota, a small tributary which enters the Tonse a little way 
above Beejupoor, gives a very small although perennial stream, the 
Noon and other feeders joining the Tonse south of and below the 
head of the water-course, are of no consideration whatever. Previ- 
ously to the construction of the present work, the waters of the 
i onse were drawn off for irrigation on the small spots or flats on 
the line of river, a good deal of its volume was expended in turn- 
ing water-inills, and a considerable portion was wasted in inunda- 
tions, arising from the carelessness of the millers and cultivators. 
In the month of January, when I surveyed the line of river, the 
stream ceased at a point about five miles below the head of the 
water-course, from whence to its junction with the Asun river the 
broad and straggling bed of the Tonse was quite dry. 

12. The tract of country which is irrigated by the Beejapoor 

^ Tract of country ‘“mediately westward 

he immediately benefitted town of Deyra, from which it is separa- 
by the Beejupc»c water- ,ed by the Bindal river or ravine, its shape 
is triangular, tlie Bindal, Tonse and Asun 
rivers forming the three sides of the triangle. The ground is high, 

I with the exception of a portion of low or Kadir land which lies 
I westward of the Nuthoowalla Ghat, at the angle formed by the 
I junction of the Tonse with the Asun river. The slopes ofeurface 
"lay, m a general way, be described as running from north to south, 
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and from north-north-east to south-south-west, or in other words 
in the general direction of the drainage of the valley. The super, 
ficial area of land coming under the influence of irrigation, may be 
estimated at 12,000 pucka beegahs of 55 yards square, or 7,500 
acres, making deductions for area occupied by ravines and land 
wliich could not he cultivated. 


1 3. The first mile of the water-course from the point where it 

leaves the Tonse, immediately under the 
Village of Beejapoor.Cand at which poi„, 
the supply is obtained by a temporary bund 
thrown across the bed of the river, which delivers the water into 
the funnel-shaped mouth of the masonry channel,) runs along the 
slope and scarp of the left bank of the ravine. Near and under 
the village of Purotcwalla, the precipices are quite perpendicular, 
but after passing an anticlinal ridge or ghat at that village, and 
overcoming some difficulties arising Trora irregularities of surface, 
the channel opens out upon the high land at Dhakra, and is carri- 
ed in a straight direction upon the village of Gurhi, at,which point 
it is divided into tw’o branches, viz. the eastern or K^onli branch, 
which extends towards the Bheem Tal, and throws its tail water 
into the tank and ultimately into the Asun river — and the western 
or Meetaburri branch, which is projected towards the Nuthoowalla 
ghat and the western angle of the triangle. 

14. It is unnecessary to lay any particular stress upon each im- 
provement that has been made since the original execution of the 
work, further than that it was necessary to build masonry falls for 
the water in its passage onwards from Dhakra, instead of using 
loose stone and piles as was at first proposed ; and that instead of 


the original tunnel at Dhakra which was made of timber, a mason- 
ry one has been substituted. The water-course in short at this 
period, consists of a masonry channel 5 feet wide and 2 J and 3 feet 
deep, from tlie head to Dhakra, a distance of about Ij mile: pro- 
jected on a slope of 1*5 inches per 100 feet or 6*0 feet per wile : it*** 
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channel gradually creeps out of the valley, hugging the side of the 
slope and precipices, protected by under-drains at some points, and 
over-drains, which act also as bridges at others ; where solid sound 
foundations were externally procurable, revetments were raised to 
support the channel, when this was not the case, the masonry 
scarp was blasted, and the channel built internally— the anticlinal 
ridge at Purotewalla was pierced by a masonry tunnel, and the 
Dhakra ravine and ridge were passed, the first by an aqueduct, and 
the second by a tunnel, the length of the latter being between 
5 and GOO feet : just beyond the tunnel, and at the point where the 
water-course opens out upon the high land, the masonry channel 
terminates in flour mills ; beyond this there is merely excavation 
with masonry falls* — the slope of bed intermediately between each 
fall being 1*5 inches per 100 feet, or G'G feet per mile. 

15. Opposed to a mountain torrent like that of the Tonse, there 
was some danger to be apprehended to the liead or inlet of this 
water-course, as for the first 6 or 800 feet in length it was liable 
to be overtopped during floods, ami with a current passing over 
it due to the excessive declivity of the bed of the river, the channel 
might be so far injured as to interfere with the uses of the water- 
course during the Khurreef or rain crops, when irrigation is most 
especially required. Advantage therefore has been taken of some 
bilge masses of rock which had fallen into the bed of the torrent, 
and which were lying close by the left side of the bank, with the 
stream rippling through the fissures below; behind these masses 
which act as a breakwater and as an admirable protection against 
the rush of the torrent during floods, the masonry work at the 
head was constructed, and the channel which is built close to the 
rocky precipice, which at some places hangs completely over it, 

• There are 90 masonry falls on this work, varying from 2J to 8 feet in height, 
and from l)h ikra to the lowest falls in the Meelaburri branch on a distance of 3 
imles, 5 furlongs, 144 J yards, there is a total descent of 281*57*feet, including 03 
of tlie above falls. 
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was strengthened on the river side by a strong revetment, formed 
in a talus towards the bed of the river ; this talus is continued froiii 
the head to a point where the water-course passes between the 
scarp of the ravine, and another huge fragment of rock, which is 
separated from the mountains : in this narrow gorge a masonry bar 
has been built with an archway for the water-course, so that in the 
advent of excessively high floods, the admission of water may he 
regulated. This is a very useful work, as floods have occasionally 
risen high upon the fragment of rock, as has been conspicuously 
shewn by the trunks of trees and rubbish thrown upon its top. I 
refer especially to these arrangements as the natural observations 
that appear to strike people who visit these works, are firsts that the 
head would be greatly improved by removing the masses of rock 
which lie across its mouth, 2 Li\d secondly, that the bar above alluded 
to is an absurdity, as the flood-water never could rise to such 
an extreme height. Wlien tlie water-course has passed this bar, 
the channel may be considered as out of the influence of river 
floods, above whicli it gradually rises, until in passing round the 
perpendicular clilfs under Purotewalla, it has obtained an elevation 
of at least 100 feet above the bed of the river — it will be obvious 
that from the position of this channel, it must be constantly liable 
to accidents from avalanches or slips from the sides of the lulls* 
— it is singular however how few accidents of this sort have oc- 
curred; great attention however ought to be given to the proba- 
bility of such occurrences, and every arrangement made either to 
check or to neutralize the evil : it is not merely that danger is 
to be apprehended from a cliff' falling and carrying the channel 
away, this is by no means the only evil, a very small quantity 

• The plan of making catch-drains along the top of the cliflf oo as to ronfme 
the drainage to points prepated for its reception, has been veiy buccessfully pi ti- 
tibcd by Captain Kirke. Tliesc drains ought to be constantly watched and rupan- 
cd. The cultivators must also be prevented from throwing bouldeis over il' 
precipice n bich <n clearing their fields they are much inclined to do. 
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of earth falling down into the water-course would act as a bund, 
and tlie stream by rising over the edge or revetment might under- 
mine the foundations, and do an infinity of injury ; the more outlets 
or escapes therefore that can be built in well secured situations, 
the better, so as to give means of relieving the channel from 
superfluous water at numerous points— where ‘the bank or scarp. 
I looks dangerous, and shews an inclination to fall, strong planks 
I ought to be laid across the top of the water-course channel, so 
: that the debris may not interfere with the water. Tails of escapes 
; must be anxiously watched and promptly attended to and repaired, 
at many places the escape water falls upon rock, at some however 
this is not the case, and the action of water passing over an 
almost perpendicular bank is very dangerous — this is especially 
the case at the Badshahpoor Ghat, where a bridge constructed 
over the water-course acts during the rains an an aqueduct for the 
drainage— very severe cutting has taken place at this point, as is 
exhibited in a deep ravine with a forked head which is rapidly 
approaching the masonry channel ; this, if properly attended to 
can be easily remedied, as fortunately there is no want of either 
stone or wood at this point of tlio work ; where such can be carried 
into execution, and where rock exists, escapes are more securely 
made on the left or through the revetment on the scarp side, the 
water then instead of spouting out over the high bank falls upon 
the rock, and escapes more easily. 

16. Supplementary to the direct works on the Beejapoor Water- 

course, the adaptation of numerous old tanks 

Tanks or Reservoirs . ^ . 

for irrigation. rescrvoirs for irrigation was determined 

on. Of these there were 27 on the high 
land between the Bindal, Asun and Tonse rivers, but the whole 
of these were more or less in ruins. Tl.ese tanks were con- 
structed at a former period, by throwing up embankments in the 
form of a loop with the side towards the natural dr&inage open. 

I have before explained the liability to accident of the water-course 

B 2 
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in its passage under Purotewalla : sueh accident might entirely cm 
off the supply, and deprive the cultivators of the means of irriga, 
tion at the very time when water was most required. It was 
desirable therefore to make the Zumeendars independent of sue] 
a serious contingency, and as the whole of the supply in the water, 
course was never totally absorbed in irrigation, that all spare watei 
should be thrown into the tanks abovementioned, that these tanks 
should be kept constantly full, so that in the event of any accident 
happening to the main channel, or even in extraordinary demands 
for irrigation, a certain supply should be secured, and the cultiva- 
tors should have the moans of irrigating their lands until the acci- 
dent had been repaired, and water re-admitted. The European 
farmer would naturally maintain his tanks, and keep a supply ot 
water in his own hands without trusting blindly and entirely to the 
water-course, which muU be liable to occasional interruption ; it 
would require on the contrary, some management to make the 
native Zumeendars do the same, and it would therefore be neces- 
sary to lay down rules for the maintenance of these tanks, to insist 
on their being kept filled at all seasons, and to make the Canal 
Establishment answerable for any neglect in seeing these arrange- 
ments carried into effect. There can be no doubt that the tank 
system is an admirable auxiliary to the project not only in offering 
a provision for irrigation, but also for watering cattle, bathing, 
&c, 

17. The tanks in question merely required repair to their em- 
bankments, a regulating sluice drain for the distribution of the 
water, and a cut from the nearest branch of irrigation for the 
supply. 

18. Three of these reservoirs have been completed, viz. at 
Meetaburri, Kaonli and Ismutnuggur ; their value however, has 
not up to this time been properly tested ; it is intended to com- 
plete the wh«le, or as many of thein as may be necessary for the 
demand. 
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19. Owing to the absorbent quality of the soil through which 

the Beejapoor Water-course runs, the loss 

soil *on° thr'trKt*' ^ater by percolation is very great, this is 

the influence of the Bee- 3 ^ evil to which the tanks are more or less 
japore Water-course. • t. 

subject, and must be provided against by 
puddling, and establishing clay bottoms and sides. I have no doubt 
that eventually when the value of water is properly appreciated, 
and when cultivation extends over the whole tract which comes 
under the influence of the water-course, it will become advisable 
to continue the masonry channel from Dhakra, at which place it 
now terminates to its junction with the Asun river — the cost of a 
channel of this description with a water-way of 3 feet wide by 2 
feet deep, would not cost more than 5500 rupees per mile — an 
outlay which would be literally of no consideration in comparison 
to the present loss of water, supposing that the water now lost was 
required by the cultivators. 

20. Mills for grinding corn have been already ‘built at various 

places on the line of water-course, and others 
are in progress of Construction — these mills 
are rented out to farmers who pay so much per day or year to the 
Canal Treasury. The returns on this item have been up to this 
time more satisfactory than those on land irrigated, as will be 
seen by reference to Appendix C, 

21. The sum of 200 rupees a year is placed at the disposal of 

the Executive Officer, for the purpose of 

Plantations. . . , . , 

planting trees on the outer side of the 

water-course banks. The plantations commenced in the rains of 

1843 and arc now in progress ; in addition to the Toon, Sirrus and 

other useful trees which grow so well in the plains — the plantations 

will comprize the Deodar, Cherry and other trees, which appear to 

thrive well in the valley of Deyra. 

22. The works of the Beejapoor Water-course lyere construct- 
ed under the management of Captain Henry Kirke, at that time 



12 


DEYRA DOON WATER-COURSES. 


Adjutant to the Sirmoor Battalion, they were commenced in Oc- 
tobcr 1839, and water was admitted on the 8th of January 184i^ 
rather too late for the cold weather crop or Rubbee in 1840-41. 
There is a want of iinish, and a want of extreme accuracy in the 
uniformity of levels of this work which might have been prevented, 
but the stability of the masonry channel on the precipices under 
Purotewalla is the best proof of its soundness ; only two accidents 
have happened on this line during the five rainy seasons tliat it 
has undergone, viz. one rising from the falling of an enormous 
mass of shingle, which carried away the channel with whicli it came 
in contact, and the other from the failure of an arched aqueduct 
crossing a ravine during the rains of 1844 — arising I believe from 
a rapid collection of water during an unusually heavy fall of rain 
which undermined one of the revetments. When it is recollected, 
that many portions between the head and Purotewalla, whicli for 
the sake of economy had been estimated for as plain eartlien 
channels, had bsen constructed of masonry with a channel of 5 feet 
wide, a width that was continued on the whole line ; besides nu- 
merous improvements which suggested themselves in the progress 
of the work, the Beejapoor Water-course does Capt. Kirke great 
credit, especially in the economical outlay of funds, which under 
all the unforeseen difficulties of the undertaking only amounted to 
Rs. 15,926-14-7, or about 14 per cent, on the amount authorized 
by Government. 

Raj'poor JVater-course. 

23. The Beejapoor Water-course having been completed, niy 
attention was directed to the Raj poor Water-course, and to the 
following para, from Mr. H. S. Boulderson’s* Report on the Dcyra 
Doon, dated 12th October 1839 : — 

Para. 66. “Next to roads, the most public work in the Doon 
‘ is the Kool or small Canal which brings water from the foot of 


* Commissioner 1st or Meerut Division. 
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< the hills at Rajpoor, to the town of Deyra, about miles — from 
‘ this a large pucka tank of old date is filled. The other sources 
‘ of supply are only two wells of great depth, one of old date and 
one constructed under the superintendence of the Hon’ble Mr. 
‘ Shore by the British Government. These furnish the only good 
‘ drinking water ; the water of the Canal is perfectly wholesome and 

* good at its head, but the accumulation of filth, leaves, earth, &c. 
in its course, even though cleared out twice or thrice a year, 

‘ renders it of unwholesome quality. Evaporation and absorption 
greatly reduce its quantity, so that it is insufficient frequently in 
the warm months ; and as the banks frequently break in the rains 
it is for several days occasionally stopped. I would recommend 
‘ that this water-course be made pucka, for which the cheapness 
of lime and the plenty of stones and ease with which bricks can 
ho made and burnt, offer great facilities, the work would not 1 
conceive cost more than 8 to 12,000 rupees, including proper 

* sluices and overfalls, At present the inhabitants of Deyra, 
Native and European, do not pay any thing for the water, and 

* there are a number of Hour mills along the Canal turned by the 
‘ water, a tax or charge for the water at the rate of two annas per 
‘ foot frontage* of compound per annum on Natives and Euro- 
peans for water for domestic purposes, and of 12 rupees per 

' annum on each mill, would yield a very remunerative return for 
' the outlay : any water allowed for irrigation should be charged 
' for separately, but as this could not always be afforded, the 
‘ authorities should always have the power of entirely preventing 
‘ any abstraction of the water for this purpose.” 

21. The above para, will explain the main object which was 
m view in improving the Rajpoor water-course, viz. to economise 
the water, and to di-liver it in the town of Deyra, pure and whole- 
some for both drinking and culinary purposes. 


principal entrance of house or compound may be. 
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25. The history of this work and its original foundation is not 
History of the ancient very distinctly explained, but it is probab, 
Raj poor Water-course. jy considerable antiquity, and coeval 

with the establishments of Deyra as the capital of the valley^ 
or of the Seikh temple as the chief residence of the High Priest. 
The Mohunt or High Priest, into whose tank the tail water falls^ 
describes it as having been dug by his forefathers ; and it appears 
that this family did formerly keep it in repair and levy taxes on 
mills, &c., which were benefitted by it. I have no doubt that 
previously to our taking possession of the valley, when the power 
of the Mohunt and the influence of his authority were of greater 
weight than they now are, the water-course in question was main, 
tained in an efficient state, and that some sort of supervision was 
given, to prevent the irregular establishment of mills and outlets 
for irrigation, as well as to keep up a sufficient supply of water 
for the inhabitants of the toiyn : as the Mohunt’s power gradually 
declined so the water-course went to decay, and on Mr, Shoie's 
assuming charge of the civil duties at Deyra, he found it necessary 
to take the management of the line into his own hands, so as to 
secure a supply of water to the town ; Mr. Shore appears to have 
taken much interest in the work, as is shewn by numerous bridges, 
aqueducts, and a terminating reservoii^ conveniently raised near 
the parade of the Sirmoor Battalion. Mr. Shore’s arguments for 
the necessity of authoritative interference, will be best explained 
in his own words addressed to the Secretary to Government in a 
letter, dated June 16, 1827 : — 

“ If it (the Rajpoor water-course) be not put under some au- 
‘ thority as hitherto has been the case, there will be repeated 

* complaints arising from the attempts of individuals to take the 
‘ most for themselves, without caring how their neighbours suffer. 

‘ The Mohunt of the Seikh temple claims water to irrigate his 

* fields /)n tlw plea that the founder of the temple dug the aque* 

‘ duct to supply the temple tanks. The villagers along the banks 
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* clfiim the same, saying that the person who dug the aqueduct, 

‘ only gave a small part of the expense, and that their ancestors 

* supplied the rest by giving free labor, both which statements are 
‘ true. The officers and men (a great many of the Native Offi- 
‘ cers and Privates had small gardens till the late repairs, when 
‘ they were given to understand that if they watered them they 
‘ must pay for it) of the Sirmoor Battalion, claimed the water on 

* the plea of being the strongest party ; in short, every one will 

* consider himself as free to do as he pleases ; the villagers higher 

* up will draw off the water to irrigate their fields : men will be 
‘ sent up from the Battalion to prevent it, and then there will be 
‘ a quarrel and most likely an assault. Whilst the town of Deyra 
‘ which is below the lines, will have no supply, but the muddy 
‘ refuse of their tanks which will get filled in the rains.** 

In a letter dated 25th May, 1820, Government appears to have 
authorized Mr. Shore, to disburse the sum of 954 rupees in re- 
pairing the water-course, and to levy a cess as proposed by that 
gentleman of one rupee for each mill driven by it, and three 
rupees for each beegah of land irrigated with its water. On the 
departure of Mr. Shore the management of this water-course was 
taken by Colonel Fred. Young, the Political Agent and Com- 
mandant of the Sirmoor Battalion. I believe that both the main- 
tenance of the bund at its head and the repairs of the water-course 
itself, were during this period effected solely by the aid of the 
men of the Battalion, unassisted by funds from the State : and the 
revenue derivable from mills and irrigation was foregone. 

26. It will be understood from what has been before said, that 
with the exception of the wells alluded to in Mr. Boulderson’s Re- 
port, the inhabitants of Deyra depend solely on the supply of water 
in the water-course for drinking purposes, that the object of the 
Mohunt, Mr. Shore and Colonel Young, had been confined solely to 
the maintenance of the line for this special purpose, an^ that it had 
not been considered necessary to take a greater supply of w’ater from 


0 
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the head tlian the demand for the inhabitants of the town required 

27. The Ruspunna river which supplies water to the Rajpoor 

Otscription of the Rus- water-course, is similar in character to tli, 

puniui River. Tonse described in para. 11, its stream 

is perennial under the town of Raj poor, and for some miles soutli 
but durin^r the dry months the water in advance sinks into the bed 
of the river, and only re-appears at spring heads near its juiictioQ 
with the Soosvva river. 

28. The ancient Raj poor water-course left the Ruspunna at a 

^ ^ , point about 2 miles south of Raipoor, and 

Description of the an- ^ 

cient Uajpoor Viator- sonicwliat nortli of the village of Kishn. 

poor, the early part of its course is throngli 
rice fields and flat land lying on the right bank of the Ruspunn;i 
river, and its access to the high land is obtained under difiicultm, 
of no extent whatever when compared with those at the Beejapoor 
water-course, it hud no branches, and terminated in the Mohunt’s 
tank. 

29. My plans and estimates for the improvement of this work 

were submitted in November 1840. The 

E.sfirnate for the im- . . • i i i i i /> 

provdl K.ijpoor Water- project Combined both the supply of vvnier 

coih se. bubinitted Nov- for drinking purposes to the town of Deyra, 
eii»ULrl840. . . 

and for the irrigation to the country bound- 
ed by the Ruspunna, Bindal, and Soosvva, it was in fact giving the 
benefits of water to another triangular patch of land lying to the 
east, as the Beejapoor water-course did to that of a similarly out* 
lined tract of country on the west of the Bindal river. The pro- 
posed water-course was to consist of a masonry channel extending 
from the Ruspunna above Kishnpoor to the Moliimt’s tank in the 
town of Deyra, with an excavated channel for irrigation branching 
off from a point at the north of the Cantonment, and extending 
over the high land by the village of Dhurumpoor: the masonry 
channel in the earlier part of its course was to liave a slope of bed 
of 18 ^ncheS per 100 feet, and the lower portion 15 inches per 
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100 feet in length, the excess beyond this to be overcome by 
masonry descents : the branch line for irrigation was to be on one 
uniform slope of 1 inch in every 100 feet, with the excess conquer- 
ed by masonry descents similar to those on the main line — 10 
mills for grinding corn were also recommended, and the total 
amount of the estimate was Ks. 41,208-2-0. 

30. The authority of Government having been given for the 

Cost of the Rajpoor commencement of the work, and Captain 

Water-course. Kirke having been placed at my disposal 

temporarily for the purpose of superintending its execution — the 
water-course was commenced in the cold weather of 1841, it was 
completed, and water adtnitted early in the rains of 18 14 — there 
w’as some delay in the progress of operations^, partly owing to un- 
fort'seen contingencies and partly to Captain Kirke having been 
ordered with his Regiment to Bareilli, during which absence the 
work was entirely stopped — the total outlay exceeded the estimate 
in a stiial! degree, the cost being Rs. 42,984-11-0. 

31, The necessity that existed of. maintaining a supply of 

Maintenanf. of ih. old, drinking- water for tlie town of Deyra tlur- 
tiiirin*r tiic . niistriK tion of ing the operations on tlie masonry channel, 

flio now H.iiiKKir Water- . ^ ^ 

.ourte, with (he general Icd to some incoiivcnicncc, and totheadop- 
of .he W 0 .ke. alignment for the new cl.annel, 

generally speaking quite distinct from the old kool or water-course 
— the old line crept along the side of a bank on nearly its whole 
course to the high land, the bank acting on one side in retaining 
the water ; it was therefore decided that the new work should be 
carried in straight lines across the valley, quite independent of the 
old kool, and where interference did from necessity take place, 
that temporary arrangements should be made to prevent interrup- 
tion to the flow of water towards the town ; by this plan the old 
line could not only he made use of during the progress of the new 
work, but it would be valuable hereafter as a catch drain to the 
drainage of the high land, and its escapes might be regulate'd, and 
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water collected at points where preparations had been made to 
receive it — the arrangements made by Captain Kirke for this part 
of the work were exceedingly good, the supply of water to the 
town of Deyra was never in one single instance interfered with 
and the alignment of the masonry channel has been managed 
very satisfactorily ; this channel is raised at many places to a con- 
siderable elevation above the country over which it passes ; both 
the upper and under- drainage has been carefully attended to 
between Kisbnpoor and Jakhun, a tunnel of 100 feet in length has 
been carried through a ridge ; and it has been pierced at eighteen 
different points to admit of free under-drainage to the country; at 
a point near Kishnpoor, the channel is supported on 37 arches, near 
Mookundwala by 17, and at other places by arches varying m 
number from 1 to 11. Boulders from the bed of the Ruspunna 
river, and from the neighbourhood of the work have been exten- 
sively used in its construction, especially in the floorings and solid 
portions ; of the foundations ; the parapets or retaining walls are 
built entirely of brick, with stone work at places where groo\es 
are required for sluices. The main channel which is in width 4 
feet and in deptli 18 inches, continues from the head to a point 
near the gateway of Captain Kirke’s Estate at Deyra — from hence 
it is divided into two branches, one of masonry with a channel 2 
feet wide and 18 inches deep, which is carried to the Mohunt’s tank 
in the town — and the other an excavated cliannel, as before ex- 
plained for the irrigation of the lands at Dhurrumpoor, &c. At the 
point where these branches separate, a reservoir is established for 
the purposes of regulating the supply of water to each branch. The 
raised reservoir near the lines of the Sirmoor Battalion, referred to in 
para. 25, has been enlarged and improved, and a lower octagonal 
basin for the reception of the water which passes from the upper 
levels, has been connected to the original design, by a raised terrace 
on which i^ a fountain or jet, which during the hot months of the 
year, or even at any period, may be made very ornamental— the 
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neighbourhood of these reservoirs has been planted with trees and if 
they are taken care of and dirt and filth prohibited in the proximity 
of the water-course — the quality of the water for drinking purposes 
ought to give satisfaction. Besides those abovementioned, other 
masonry reservoirs have been built in the town, for the convenience 
of the people. 

32. The slopes of the channels are as described in para. 29» 
but the actual slope of country as shewn by my original survey, will 
be best explained as follows : — 


Distance 

Fall 





in 

in 

Slope per 100 Feet. 


Feet. 

Feet. 

— 

— ^ 



From the Head north of Kishnpoorl 

1 


feet. 


ft. in. 

to the hiffh land and departure of the j 
Dhurrumpoor branch, i 

^18261 

34G-0 

1-89 

or 

1 loi 

From hijili land to Mr. Shore’s Reser- | 
voir near the Sirmooi Battalion Parade, J 

7083 

117-17 

1-65 

or 

1 7i 

From Kescivoir to Mohuni’s Tank, . 

. 4760 

69-84 

1-46 

or 

1 5i 

From the departure of the branch tol 
Dhurrumpoor to end ot branch J 

1^17315 243-38 

1-40 

or 

1 H 

33. Troughs and tanks have 

been 

constructed 

at 

different 


points on the* line, for cattle to obtain 

Troughs and Tanks. 

drinking water from, and to secure the 
main channel from the filth and dirt which otherwise would add 
impurities to the waterc Many of these tanks are now under con- 
struction. The Cliokidars ought to be made to pay attention to 
the state of these works, especially to those designed for washing 
cattle — the ground in their vicinity would be greatly improved by 
a pavement of boulders (which are in abundance everywhere,) 
well rammed down, without cement, an arrangement which would 
keep the tanks tidy, and put a stop to the pools of water and mud 
that must otherwise occur. The state of the floorings must also 
be watched, as w'ell as that of the inlet and escape for the water. 

34. Ten mills for grinding corn have been established, and 

„ , . ... others are under construction ; near the 

Corn and other Mills. 

village of Dhurrumpoor, a, circular saw- 
mill will shortly be fixed, the building is far advanced and the 
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machinery is ready, the situation in which it is placed is very 
favorable as far as timber is concerned, the village of Dhurruni, 
poor being tbe mart of the greater part of the Saul wood which is 
cut in the forests of the eastern Doon, but being at the fail end of 
a water-course, it is probable that the mill may be interrupted by 
want of water, wdien the demands for irrigation are very great- 
Capt. Kirke liowever tells me that he does not anticipate any 
contingency of that sort and the situation is in other respects so 
very desirable, that even with occasional interruptions it may be 
considered preferable. The saw machinery which is about to be 
established at Dhurrumpoor, was formerly procured for the use of 
tbe Delhi Canal, but was never I believe fixed, it is a very appro- 
priate addition to tbe works on tbe Doon water-courses, where 
the water-power is so extensive, and where it is naturally an 
object, to shew to tbe native community the different methods by 
which this power may be taken advantage of. 

35. An annual allowance of 200 Rs. is authorised for plantation'! 

on the Rajpoor water-course — they were 

Plantations. 

commenced in 184 3 at tbe same tiine as 
those on tlie Reej.apoor line ; they are not far advanced at present, 
being chiefly confined to the Dhurrumpoor branch, the right bank 
of which is abroad road connecting the cantonment with the village, 
and completing a circular drive which has added greatly to tlie 
improvement of Deyra. 

30. In October 1840, when I measured the discharge of tlie 

S,.rply«fw,.erandca. »» point where tl,e wator- 

pabiiities of the Ru&punna course leaves it, there were 28 cubic feet 
as a eei er. second available, (7 of which only vere 

passing down the water-course,) and it was calculated that this 
would be reduced in the dry months at least one-half, leaving a 
discharge of only 14 cubic feet per second in the river. In Pe- 
cember 1844, the measured discharge in the main channel of the 
newly constructed water-course above its separation into two 
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branches, was 18*4 cubic feet per second, the depth of water being 
inclics with a superficial velocity of current of 11*79 feet 
per second ; at this time the whole of the water in the Ruspunna 
was passing down the water-course — the bund at the head being 
thrown completely across the river, the supply of this river how- 
ever is variable, and dependent in a great degree on the demand 
for water for irrigation in the mountains above it^ debouche under 
Raj poor, on the utter want of economy in wdiich the water is used 
by the native cultivators for irrigation, and on the carelessness 
with which the courses to tlie native corn-mills are constructed. 
One great cause of this interruption to the supply will shortly be 
entirely removed, in getting rid of numerous 
Rajpoor Corn Mills. corn-mills which have, since the establish- 
ment of Mussoori and Lnndour, been gradually collecting under 
the town of Rajpoor, at a point situated about two miles above the 
head of the water-course. 1 have before referred to the absorbent 
quality of the soil in the Doon ; it may therefore not require 
much explanation to shew that the numerous branch cuts and tail 
escapes made for these mills, together with the excessive careless- 
ness of tlie millers in letting tlie water flow over the ground in 
inundation, tended greatly to diminish the volume in the Rus- 
punna on its reaching the water-course head: moreover, as one 
of the main objects in projecting the Rajpoor water-course as a 
line of masonry a(pieduct, was to prevent the water from being 
charged with impurities from the carelessness of millers in deser- 
ting their w'orks, and leaving the escapes to be carried away, it 
was determined that proper economy should be practised in the 
use of the water under Rajpoor, and to effect this, that compact 
sets of corn-mills should be built, supplied by one tnasonry chan- 
nel, so as to preclude all wastage as well as wear and tear of earth- 
work. Eight of these mills are nearly comjdetcd, they occupy 
a flat on the right side of the river, which is out of# the reach of 
high flood, and will most effectually do away with the evil before 
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complained of ; should more mills be required there is ample 
space for them on another spot somewhat lower down the course 
of the river, of which the levels were taken by me for the purpose 
of testing its capabilities.* When the Rajpoor mills are in use 
and tlie present native ones abolished, 1 anticipate a greater and a 
more regular suppjy to the water-course ; but it would still further 
add to its improvement and elliciency, if the Civil Superintendent 
of the Doon would insist on the kools or water-courses of villages, 
situated above the mills being properly made, and visit with his 
displeasure all wanton waste in useless inundations ; the villanre 
on the left bank of the Ruspunna immediately above the site of 
the Rajpoor mills, has it in its pow'er most completely to injure 
their interests by taking water off from the main channel, and turn, 
ing it back again at a point below' the mill-dam, and the careless- 
ness of the natives is such, that to save themselves from the 
trouble of closing their water-course heads, they wdll, if under no 
proper control, take no sort of interest in the disposal of the water, 
after their immediate wants are satisfied ; 1 think that the name of 
this village is Undhoiwala ; the above cirumstance how'cver has 
been explained by me to Mr. Vansittart, the present Superinten- 
dent, who has always shown himself most desirous of attending 
to the interests of the public works in his district, 

37. The excessive velocity of the current in the main masonry 
channel of the Rajpoor water-course, which I have described as 
due to a slope of 18 inches per 100 feet, has led to a circum- 
stance which I confess that I did not take into consideration when 
projecting the work, viz. the probability in high floods in the 


• I would recommend that no time should be lost in making a good cairiage 
road to the mills, 18 feet wide on a slope not exceeding 5 feet per 100. I am not 
suie that this road from Deyra and the plains might not commence from the toot 
oftheKajpoor Hill near Mr. Jones’ Hotel, by which both ascent and desroit 
would be avoided— from the mills another road^shoiild be made to join the Ingt' 
MussoorfRoad near the Isthmus. These liuea however, ought to be properly 
surveyed beiore they are commenced upon. 
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Ruspunna of tlie introduction of large boulders into the masonry 
cljanncl, and the facility with which they would, owing to the 
velocity, be rolled along its course, doing injury to the terrace, 
and at the falls affecting the masonry work ; this was first shewn 
during the rains of 1843, when a portion of the ban)c of the old 
\\atcr-coursc, which consisted chiefly of stone, fell into the mason- 
ry channel during a very heavy fall of rain, these stones were urg- 
ed on by the current until they found an escape at an outlet, but 
tlie terrace was injured on a distance of many hundred feet — to 
prevent a recurrence of a similar accident, iron gratings were fixed 
across the channel at certain distances, so as to stop the larger 
class of boulders, and prevent injury to the masonry ; these grat- 
ings, however efficient they may be in preventing the advance of 
stone, act awkwardly, opposed to such a rapid current: and the 
position of a number of them close at the heads of falls was not the 
most judicious: the results of the late rains have shewn that some 
more effectual remedy must be adopted, in either establishing re- 
servoirs or traps near the head, on purpose to catch the stone, or 
cKe l)y reducing the declivity of the bed of the channel on the first 
t‘ew hundred feet of its course, take away the power of rapid 
movement ; arrangements were in progress for constructing traps 
on my resigning charge of the works: the smaller class of shingle 
would in any case, I imagine, find its way down the channel, and 
it is strange to observe, that although the water to all appearance 
IS as clear as crystal, the basins and regulating reservoirs require 
periodical clearance from a coarse blue sand, that is borne along 
in the stream ; the same occurs in the Beejapoor water-course, 
where the water is in appearance equally clear. 

' 38. As the water-course has only been in action for a portion 
of one rainy season, it is not yet certain whether the Ruspunna 
Purity of water during Supply during that season is discolored by 
the^ admixture of earthy matter, or whether 
this only takes place during heavy floods. I believe that tfiis only 

D 
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occurs occasionally, but should it be objected to, a filtering appa. 
ratus might be made at a very trifling expense, so as to deliver 
water to the town without interruption, in a perfect state of purity, 

39. For the convenience of taking water for drinking purposes 
from the main channel, small reservoirs ought to be built on the 
right and left at fixed distances. A plan of a set of these has 
been forwarded to the Executive Officer ; a circle or square of 
two feet internal diameter, would be sufficient to admit of a gurha 
or lota ; the depth of water to render it useful for the purpose 
intended must be at least 18 inches. 

40. At some points in the town the water-course runs at the 

back of the street, in a situation where 

Suggestions for arching 

over the water-course in dirt and filth appear to be thrown ; at one 
certain positions. points this has been remedied by 

arching the channel over, and this ought to be done universally, 
where there is the least chance of the water being dirtied ; there 
are some points also where the channel is considerably below the 
surface of the ground with garden land in its neighbourhood— -here 
also by arching over the water-course, the garden might be re- 
stored to its original state and the whole surface now occupied by 
the open channel might be cultivated. In all this tunnel work 
however ventilators or wells ought to be constructed at each 30 
feet in length of tunnel, and the arch ought to be sufficiently 
capacious to admit of internal repair. The tunnel between Kishn- 
poor and Jakhun would be much improved by being extended on 
the south side, where the banks are very high. 

41. There appears to be no want of inclination amongst the 
inhabitants of the town to make improvements, judging not only 
from the masonry channel attached to this water-course built by 

... . the Mohunt, and also from some works oi 

Natives of the town 

of Deyra inclined to im- minor importance, but from the shops and 
provements. ^ buildings erectii^ under the advice and 

recomincndation of Mr. Vansittart, the Superintendent of the 
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Doon, The excessive declivity upon which the water-course 
runs, offers every facility for the introduction of fresh water into 
tiie private buildings in the town, tanks and fountains might 
ba constructed, means of watering streets and supplies of water 
in the case of fire, might be provided in every part of tlie 
[own of Deyra ; and 1 cannot but hope that sorne well organised 
lystem of improvement on all these points may be carried out, so 
IS to prove to Government that the outlay on this work is duly 
ippreciated. A suggestion of mine, which probably from want of 
funds was not acted upon, would have been a very great improve- 
ment, and even had it been commenced upon and completed by 
iegrees, would have ultimately been a convenient as well as an 
jrnamental addition to Deyra; many shops which might have 
jpome into this arrangement are now built elsewhere in different 
^ints of the town ; the design therefore of a bazar as recom- 
hiended, which was to consist of a spacious octagon, one face of 
which was to be formed by the Seikh temple, may be merely 
mentioned here as a record, in the event of future improvements 
of this sort being contemplated. 

42. The Seikh temple is situated on the Saharunpoor side of 
the town, with a great deal of open space 

pos?d af°Deyr”^““' ‘'>8 exception of 

one or two small masonry buildings, an 
area equal to that of the proposed octagon would have been 
secured, by the removal of grass huts merely, and there appeared 
to be no difficulties in obtaining the ground, the only person who 
offered any objection being an European resident, whose estate 
would have been infringed upon in a slight degree : the octagon 
was in fact lined out and opportunities given of seeing how far 
and to what extent it encroaclied upon property. The design was 
to make the high road to Saharunpoor enter the octagon on its 
southern face through a gfiteway, with a corresponding gate on its 
opposite side adjoining the town— this octagonal enclosure was to 
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be surrounded by shops, in the style usually adopted in the cities 
of India — the internal area would have been cleared, and in the 
centre and immediately opposite the Seikh temple, a fountain 
would have been situated, the jet of which was proposed to be 3o 
feet in height. The alignment of the road both of approach and 
exit was in every, way favorable to the features of the existini^ 
streets, and the enclosure would have formed a handsome approach 
to the town from the Saharunpoor side. With reference however 
to improvements or additions made to the water-course by private 
individuals, nothing ought to be done without the supervision of 
the Executive Officer, so that a perfect uniformity of design may 
be preserved throughout the whole work. 

43. Considering that the “ Kajpoor Water-course” is totally 

Mr. Mackinnon’s pbn unconnected with the town of that name, 

for a water-course to the jt ought properly to have been designated 
town of Rajpoor. 

the “ Deyra Water-course, and another 
line taken for the purposes of the town of Rajpoor, would more 
naturally have assumed the former title. Hctaining however the 
name of the Rajpoor water-course as it has always been called, it 
would have been a difficult and a very expensive project to have 
removed the head to a point sufficiently high on the Ruspimna 
river, to admit of the stream passing through the town of Rajpoor. 
The site of a head for that purpose would have been near the 
village of Undhoiwala referred to in para. 36 ; the direction of 
the line would have skirted the steep slopes of the mountains, 
some of which consist of a loose fragmentary and friable rock, 
which would have offered great impediments to the establishment 
of a masonry channel, of tlie capacity required ; after reaching the 
town the line would have had to continue on the narrow ridge 


running between the Ruspunna valley and the Bindal ravine ; at 
some places so narrow as to be entirely occupied by the road ; the 
slope especially near Rajpoor would h^ve been enormous, and the 
expense dependent on numerous masonry works, would not in my 
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opinion have been repaid by the advantages od'cred eitlier in ir- 
rigation or other purposes. The town of Raj poor, wliicli in iny 
recollection was a mere hamlet consisting of a few huts, has now 
in cbnsequencc of its situation relatively to Mussoori and Landour, 
become a place of some importance — its population is annually 
increasing, and the wealth of its inhabitants would, 1 have no 
doubt, tend to improvements, if assisted by the co-operation of 
the proper authorities.* The whole of the water used for drink- 
ing and domestic purposes in the town is hi ought from the 
Uuspunna river, which is situated at a considcrahle distance below 
in a deep valley. Mr. Mackinnon, the worthy and excellent 
founder of that admirable institution the “ Mussoori Setninary,” 
who has interested himself so much in improvements and has 
latterly placed the community under still greater obligations to 
him, by laying out a road from Rajpoor to Mussoori on approved 
scientific principles, has proposed that a water-course should be 
made for the supply of Rajpoor, from the point at Undhoiwala 
before mentioned. I see no obstrjuctions to the project — the 
dilHcultiea before alluded to, arise from the magnitude of the 
channel required to be constructed round these dangerous slopes, 
and would not exist with the small supply demanded for the 
drinking purposes of Rajpoor— this supply would I imagine be 
most economically (as Well as with the least interruption) ob- 
tained by pipes, until the difficulties of the slopes w'cre passed, 
after which the water would proceed through the town in a sraaH-* 
masonry channel 18 inches wide and 15 inches deep ; and be 
carried in this way for about five miles until it reached the pre- 
sent Rajpoor water-course, into which the tail water could fall ; 
this I look upon as necessary to the project, for the supply 


• They can’t he in better hands than those of the present Superintendent of 
beautifurval'le” and will do more for the ii^piov^nent of this 
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taken for the new water-course, would be so much taken from 
the old one. In the passage through Rajpoor and down the coun. 
try, reservoirs might be established for drinking purposes, and 
small as the body of water might be, the declivity is so great, that 
overshot wheels of any diameter could be fixed on the line. Saw- 
mills might be established at the timber marts at the foot of the 
Rajpoor hill, and I have no doubt that a fair return would be ob- 
tained for the outlay ; irrigation also to a limited extent might be 
practised, and vegetable gardens and mango plantations would add 
much to the improvements of the suburbs of the rising town of 
Rajpoor. I have no data for estimating the cost of laying down 
pipes ; but supposing that this part of the work could be done 
for 3,000 rupees, and the water be delivered on the high land at 
Rajpoor, the total expense of delivering the tail water into the 
Rajpoor water-course, north of the Cantonments of Deyra, would 


be thus, in approximation ; — ■ 

Piping sui)posed to be, Rs. 3,CKX) 0 0 

^ Five miles of masonry channel, 18 inches wide and 

15 indies deep, at 4000 rupees per mile, . . „ 20,000 0 0 

Ten Reservoirs, 2 per mile, „ 2,000 0 0 


Total cost, Rs. 25,000 0 0 

By turning the tail water into the Rajpoor water-course at Jakhun, 
!’alf the expense of the second item might be saved, I have no 
reason for doubting that for an expense averaging from 15 to 
25,000 rupees, Mr. Mackinnon’s plan might be satisfactorily 
accomplished. 

Kuttha Puthur Water-course, Estimates submitted April 1841. 

44. During the cold weather of 1840-41, the survey of the 
Kuttha Puthur water-course was undertaken by me — and plan 
and estimates submitted, the latter amounting to 90,307 rupees. 
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The times were not favorable to undertalciog works of this sort, 
and the project, although printed in the “ Journal of the Asiatic 
Society” for record, was abandoned. 

45. The object of this line was to irrigate the tract in the 

western Doon, bounded by the Jumna 

Object in recommend- . j .1 c . , r> , , 

ing the above. river and the Sutwala Kao on the west and 

oast, and the forests of Umbarri and Pirthi- 
poor, and the Asun river on the north and south ; the return of 
village lands which accompanied iny Report, shewed that about 
17,000 acres of cultivable land would be benefitted by the work ; 
the tract consists of open grass hand with little forest, merely 
requiring water and population to render it, with the smallest im- 
aginable labor, a richly cultivated country. Here (as in every 
other part of the Doon where w.ater-courscs have been construc- 
ted) the introduction of water for drinking and domestic purposes, 
would alone be highly prized ; in the tract of country alluded to, I 
believe that Pirtiupoor is the only village in which a well is to be 
found, and the supply from th.at well' is barely sufficient for the 
purposes of the village ; it is not therefore for irrigation merely 
that the construction of the Kiittha Puthur water-course was ad- 
vocated, but as the means of introducing upon an extended surface 
of a thinly populated country, an element without which neither 
population would increase, nor could the settlement of vilhages be 
extended. Captain William Brown, of the Revenue Survey 
whose maps of the Deyra Doon are now before me, referred in 
his Report, to the possibility of watering the high land in question 
from a point on the Jumna near Dumaiyut, and my attention was 
directly called to the subject by an application from the firm of 
Maxwell, McGregor and Co., who held a large grant of land on 
tlie Jumna, called Innisphael, of 7,462 acres in extent, and another 
tract called Hopeton of 7,894 acres, both of which would have 
come under the influence of the water-course. The firm was 
unable to advance funds sufficient for the work, but seemed in- 
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dined to enter into contracts for the water required for their pro- 
perty. As a matter of speculation the return for outlay would be 
sufficient to warrant an expenditure, in the first instance, equal to 
tlie amount of tlie estimate, and as Government had in a former 
occasion established a precedent, in preferring that a work of this 
sort, which must ultimately he of service to numerous parties, 
should be managed by its own -officers and kept under its own 
control, instead of becoming the property of a private individual 
or firm, the Kuttha Puthur water-course appeared to offer fresh 
means for extending this precedent, in not only improving alaroe 
portion of the Doon, which without water could not be improved, 
but in disseminating its benefits equally throughout eleven dif- 
ferent estates. 

46. The diaracter of this work corresponds in some degree 

with the Bcejapoor water-course, but the 

Description of Kuttha jjf^culties to be contended with are grta- 
Puthur walct -com ,> i . , 

ter. The Bet^apoor line alter leaving the 
Tonsc, reaches and passes over the high ground without any inter- 
ruption in its course from mountain torrents, whereas, that now 
about to be described after overcoming the banks of the Jumna, ia 
which it passes numerous streams, proceeds over the high land, 
crossing the drainage at right angles, until it falls into the bed of 
the Sutwala Bao, a river (similar to those before described havini: 
a wide bed of shingle, and only carrying water during floods,) 
which joins the Asun river near the village of Kooshialpoor. Jhe 
point fixed upon by Captain Brown at Dumaiyut, was found to be 
impracticable, from the steppes into the Jumna from the high land 
being exceedingly steep, and from the relative level of the river 
being low at that point, full advantage of slope was not attainable. 
The head which I determined on therefore is much higher up the 
course of the Jumna, at a point immediately under the village of 
Kuttha'Putlfar, this head is favorably situated for a supply ^1 
water, and as the depth of excavation at the point where the 
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water-course would leave the river was designed at three feet, 
the annual expenses on spurs and bunds would be trifling. With- 
out entering into detail, which may be found in the original Ke- 
port, it will be sufficient to give a general idea of the work, and 
the country over which it passes. For the first 4,755 feet of its 
course, the channel would proceed over tolerably even and in parts 
somewhat low ground, and would cross two mountain torrents, 
one of which would be passed by a dam w'ith ten sluices, and the 
other of two sluices of ten feet each — the beds of these riveis 
consist of boulders and large shingle, which would add to the 
facilities of constructing the works, and render them little liable 
^to accident when built. Tlie form of dams would be similar to 
that practised on the Jumna Canals. In advance and on a line 
measuring 18,910 feet, the water-course would creep along the 
slopes and scarps of tlie left hank of the Jumna, until it readied 
the high land, the slope of bed proposed for the channel is 2-1 
inches per mile. On the abovementioned distance four mountain 
streams are passed by a(|ueducts, two of which have a span of 50, 
one of 40, and one of 25 feet ; the whole or the greater part of the 
channel on this length, (extending nearly three miles) would re- 
quire to be built of masonry, and it is probable that, as was the 
case in carrying out the project of the lleejapoor water-course, it 
might be found better and ultimately cheaper, to make the whole, 
line from the head to tlie high ground, of masonry. TJie distance 
I'rom the top of the liigli land to the Sutwala Ilao is 21,83-1 feet,^ 
and is intended to be of simple excavation : six lines of drainage 
are passed on this section, two of which are to be crossed by 
aqueducts of 25 feet span each, and four by dams, one of which has 
10 sluices of 10 feet wide each, and three have one sluice each 10 
; feet in width. The slope of bed is to be continued as before at 24 
; inches per mile, and the fall which is in addition to this is to be 
‘passed by four descents of yiasonry, one of 41, two of ^ anc^ one of 
12 feet, the latter one delivers the stream into the bed of the Sut- 
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wala, and ultimately into the Asun and Jumna rivers. The direc. 
tion of this water-course has been projected parallel and close t( 
the high and broken ground of the Pirthipoor forest, so that aj 
much country as possible should be benefitted by its waters, 

47. The supply of water required for this irrigation was 8(] 

, ‘ . cubic feet per second, and the internal 

Supply of water requir- * 

ed for the Kuiiha Puthur dimensions of the masonry channel were 

water-couise. proposed to be 10 feet wide by 4 feei 

deep, the land which would come under irrigation lies almost en. 
tirely on its right bank, on a rapid slope, and favorably in every 
way for the supply to the cultivators. The masonry falls give 
the means of turning the water to account iu machinery, and my 
estimate included the cost of two corn-mills at Pirthipoor. Al. 
though the project terminated in the bed of the Sutwala Rao, tlie 
water might be carried across the bed of that river, by either tem- 
porary bunds or troughs, in which case an additional tract of at 
least four square miles would be benefitted. 

48. I hope that many years will not elapse before this work 
is carried into execution, the cost is greater than that of either the 
Raj poor or Beejapoor water-courses, but the difficulties are great- 
er, and the work itself is more extensive, not only in its conponent 
parts, but in the surface of country which will come under its in- 
fluence ; it cannot be too often repeated, moreover, that the want of 
drinking water that exists prevents the establishment of villages at 
points, much elevated or distant from the perennial streams in the 
Doon, and the want of population depending on this circumstance 
will, until canals are made, interfere altogether with the improve- 
ment not only of the tract alluded to, but of other portions simi- 
larly situated. 

Marshes, 

49. ' At k period when European settlers had commenced fann- 
ing in the Doon, and when it was anticipated that the offers held 
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out by the Government, would lead numerous individuals to esta- 
blish themselves in different parts of the valley ; when Europeans 
had in fact settled themselves not only centrically, but also on the 
Jumna and Ganges, it become a matter of consideration how far 
the clearance and drainage of the extensive marsh lands that ex- 
isted, especially in the eastern Doon, might add to the salubrity 
of the climate, and by removing the tendency to fever and sick- 
ness which exists to a fearful extent during some portion of the 
year, give encouragement to Europeans to take possession of 
numerous tracts of land, rich in their own capabilities, but deadly 
;from the nnhealthiness of the climate. The characters of the 
teastern and western Doons differ essentially — the former may be 
|Considered as that of forest, whilst the latter is comparatively open 
grass land. I have in para. 3, noted that the eastern Doon 
is through the greater part of its extent traversed by two peren- 
nial streams, the Song and the Sooswa— these two rivers unite at 
a point west of Khiirruk Shampoor, receiving in their course nu- 
merous small tributaries, as well as supplies from spring heads — 
to this excess of water is to be attributed the rankness of vegeta- 
tion that displays itself in all this tract, where the open unwooded 
prairies of the western Doon are represented by extensive forests. 
Near the village of Jogiwalla, and at the junction of the Song and 
Sooswa, marshes and tracts of high grass and reed jungle exist to 
a considerable extent, and further eastward and on the approach 
of the Song to the Ganges, the low lands are intersected b^ 
a labyrinth of nullas and water-courses, some of which join 
the Song, and others the Ganges river under the village of 
Rayawalla. 

50. The Jogiwalla marshes lie at the lower extremity of the 
Jakhun Rao, one of those lines of drainage which are dry in the 
hot months, but are liable to heavy freshes during the rains, at 
which period independenjly to their supply from natural streams, 
they are flooded and overcharged with water from the* Jakhun 
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river. The marshes in question are in detached pieces, the largest 
may perhaps measure two miles in length by half a mile in width 
they are connected with the Song river by small nullas running on 
the most tortuous course and choked up by vegetation. The 
largest marsh is, I believe, quite inaccessable in its central portion, 
the parts that I have visited consist of clumps (either a few feet 
apart or close togetlier) of a gigantic reed, or as the natives call 
it “ Nul,” the said clumps rising out of stagnant, or to all appear- 
ance stagnant water. It is evident that as these marshes are in 
the vicinity of a river running on an enormous slope, a judicious 
application of ditches laid out with reference to the levels of the 
country, and the spring heads which feed the marsh, would relieve 
the Jogiwalla forest from one great cause of its present unhealthi. 
ness, 

51. The marshes above described, are comparatively situated 
in the low lands of the valley, but there are others of much grea- 
ter extent to the north-east of Khurruk, and between that place 
and Rikekhes, which are on high land ; Captain Brown who sur- 
veyed this tract of country, notes in his map with reference to the 
Gosainwalla marsh, ** low marshy ground easily drainable.” From 
the forest of the Rambuha Nuddi, the approach to the Ganges is 
gained by two distinct steppes, the high land between them vary- 
ing in width from 2 to 2 J miles, on this elevated piece of land is 
situated the Gosainwalla marsh, containing three square miles, or 
i:hereabouts, of swamp ; there are also other smaller marshes with 
numerous little tortuous nullas connected with them, running slug- 
gishly with their courses marked by the densest vegetation, and the 
most impracticable rattan jungle ; below the second steppe is the 
true Khadir of the Ganges river, a portion of which is sufficiently 
elevated to admit of its being drained ; on the steppe and imme- 
diately parallel to the Gosainwalla marsh, is another swamp of 
about 1-J mil^s long and J of a mile broad, Captain Brown’s note 
on this is similar to that on the Gosainwalla marsh. The Oosain- 
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walla marsh approaches within half a mile of the steppe into the 
Khadir, botli it and the lower marsh are traversed by and connect- 
ed with the Rambuha river ; the facilities therefore for drainage 
are more remarkable than those at Jogi walla : at the period when 
my remarks on these marshes were submitted, viz. in April 
1842, an enterprising European, of the name qf Vaughan, had for 
some years been established at a spot overlooking the Khadir of 
the G-anges, and within 1^ miles of the Gosainwalla swamps. 
The inhabitants of ‘ The Endeavor Farm' as Mr. Vaughan de- 
signated his property, consisted of himself, wife and children, all 
of whom had sulFered very severely faom fevers and sickness ; this 
establishment is now broken up, owing to the death of Mr. Vaug- 
han, and it is not likely that successors will be found anxious to 
contend with the unhealthiness of this portion of the Doon. 

52. In the Western Doon the only marsh of any importance 
that I am acquainted with is that near Synspoor, it was formerly 
much reduced in extent by the Zumeendars having, as I am infor- 
med by Colonel Young, in digging some ditches for boundary or 
other purposes, relieved this low tract from a considerable portion 
of its water. When I visited the marsh however at the end of 
1844, it had much increased in extent, arising in all probability 
from the ditches having either been choked up or obliterated. 

53. The recommendation that accompanied my Report on 
these marshes, was that 1,000, or 1,500 rupees per annum should 
be authorized for a period of five years for digging escape drain^** 
and using other means if necessary for getting rid of these nui- 
sances. As the ‘ Endeavor Farm’ had been established, and as the 
Gosainwalla marsh whic‘h was in its neighbourhood oflPered greater 
facilities for drainage than others, I suggested that operations 
should be commenced there in preference to that at Jogiwalla : my 
views are not altered at all with regard to the value that would be 
derived from these imprpvements : whether the cleArange of the 
valley and increase to cultivation is to be caused by settlements 
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radiating from Deyra, or whether as was the case formerly, dg, 
tached grants similar to those at the ‘ Endeavor Farm’ are taken 
up : the leading element to success is healthiness of climate^ and 
neither the eastern nor the western Boon can ever be considered 
healthly, as long as they are encumbered by these detestable marsh, 
es. The character for unhealtbiness of the eastern Boon arising 
from these causes is so notorious, that for many months of the 
year the road between Ilurdwar and Beyra is closed, and the few 
people who inhabit the wretched little hamlets at Jamunkhatta, 
Luchiwalaf, Booi walla, &c., exhibit in their appearance the inhos- 
pitable nature of the climate. Were the fact known that Govern- 
ment had taken measures for ridding this tract from stagnant water, 
and thereby in a great measure exterminating the extensive reed 
jungles, which from the harbour that they offer for tigers and ether 
brutes, are alone inimical to the object of the settler, the soil is sq 
fruitful and the advantages for cultivation so great, that natives 
would in all probability, in losing sight of these evils, congregate 
in the eastern as they have already done in the western Boon, 

54. The plan of operations which I proposed was as follows, 
considering that it was only during six 
tn months in the year when works could be 

the eastern Doon, sug- carried on, owing, to the unhealthiness of 
gested, T 1 

the country, during and immediately after 

the rains. A main channel on a slope of not less than 4 or 5 feet 

^'*|ier mile, was to be excavated from the point at which the drainage 

would escape, as far into the marsh as possible, or as work people 

could advance, this main channel would in all probability during 

one season have reduced the extent of swamp ; smaller and branch 

drains might then be dug ramifying into the heart of the marsh, 

and by these means the spring heads could be gradually reached, 

and if necessary be pierced by borers : stagnant water having been 

removed^ by ^hese means, the gigantic r^eds and grass to which I 

have before alluded, would be replaced by grass of a smaller des* 
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cription. The final operations would consist in clearing out the 
drains, and preventing them from being choked up afterwards-^ 
inattention to the latter, would lead ultimately to the restoration 
of the marsh in all its original deformity* 

55. Another reason and by no means one the'least worthy of 
attention, for depriving the eastern Doon 

Advantages of the pass » r o 

or road into the Doon at of its unhealthiness is, that the easiest 

Hurdwar. method of access to Deyra from the plains, 

is, indubitably through Hurdwar ; at this point the Sewalik Hills 
are turned on their eastern extremity towards the Ganges, by a 
good even road with neither ascent nor descent ; at all other points 
the entrance to the valley can only be obtained through the steep 
f tortuous and dry beds of mountain torrents, consisting of boulders 
^ and large shingle which (to make the line passable for wheeled 
' carriage) during the dry season are placed on one side, and are 
liable to disarrangement by the smallest flood ; such are the 
Kheeri, Timli and Kans Rao passes. Were the eastern Doon 
healthy, the Hurdwar entrance would be acceptable to a large 
class of people who visit Deyra, and the thoroughfare extending 
through its whole length, would doubtless tend to an increase both 
in cultivation, as well as in population. After leaving Hurdwar 
and entering the valley,*thc old line of road runs to the west and 
making a circuit round the high land of the Motichoor Forest 
arrives at the Kans Rao Choki by the village of Jamunkhatta ; a 
new road has been made since the British took possession of tflT 
Doon, which instead of keeping to the low land, by which both 
ascent and descent are avoided, winds up the valley of the Moti- 
choor until it reaches the high crest of the mountain ridge, above 
the Kans Rao Choki, at which point it descends on a rapid and 
zigzag slope to the valley; this road has the advantage of being 
about 1 J or 2 miles shorter than the other, but it leads the line 
into all the difficulties of -mountain pass, which ha» bee« so com- 
pletely escaped in the passage round the Hills at Hurdwar. For 
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use and convenience the lower is in my opinion dccidely the one 
to be maintained — it is at present a mere cart track, and requires 
to be re-modelled and reconstructed. 

Facilities for Irrigation — Attic Grant Tanks^ 

53. At Khurruk, Rayawala, &c. irrigation is carried on to a 
large extent by the cultivators, who take their water-courses off 
from the smaller streams that intersect the country, the operations 
for the drainage of the marsh-lands would naturally lead to an in- 
crease to the supply for irrigation. Both the Sobg, Sooswa and 
Asun, offer very great facilities for improvements in this way— and 
if the water is economized and Canals judiciously arranged, means 
of irrigation would be provided for the whole surface of the valley. 

57. It is probable that an examination of the heads of the 
rivers on the northern slope would bring to light many capabilities 
for improvement, but where there was water enough for one village 
only. I should be disinclined to interfere further than in giving 
assistance in projecting a water-course. When the supply was 
sufficient for a larger tract of country, and where the interest of 
numerous villages had to be consulted, it would then be necessary 
to place the water-course on the same footing and under the same 
superintendence as those of Rajpoor and Beejapoor. 

58. In the “ Attic Grant,” there is a supply of water in the 
upper part of the Soarna Rao, capable of being turned to much 

^Tybtter account than it is at present, it might perhaps be carried via 
Baneespoor to the Mamoonwala tank, which is situated between the 
Chor Kbala and the Soarna river. It is a great object in projecting 
these lines of water-courses, to connect them with tanks which appear 
in former days to have been largely used in all parts of the valley. 

59. There are many patches of high land on the left bank of 
the Asun that might be supplied with water for irrigation, by 
kools tak^n fr^ra a higher point in the river ; but when this cannot 
be effected, reservoirs might be formed so as to catch water during 
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the rainy months, and I see no reason why these should not be 
made sufficiently capacious to hold water for irrigation, as well 
as for drinking purposes, Mr. Vansittart has paid considerable 
attention to this point, and has not only repaired ancient, but dug 
new tanks at numerous places in this district.* 

60, In the eastern Doon there is ample field for improvement, 
not only in laying out lines of irrigation, but of getting rid of its 
superfluous water. The heads of the Song and other rivers ought 
to be carefully examined. A cut has, I believe, been made by Mr 
Vansittart from a point on the Song, eastward of the.Kullunga 
ridge, which supplies the villages of Raipoor, Meeanwala, Hurra- 
jWala, &c. and ultimately falls into a tank. In the north-east angle 
, of the eastern Doon there appears to be a field for extending 
^ irrigation, in taking possession of the water which exists in the 
j early part of the course of the Jakhun river. Mr. Vansittart in 
his letter addressed to me dated 7th April 1843, thus describes the 
line in question — “ The forest below Bhogpoor and Bussuntpoor 
f * bearing the name of Ranee Pokhri, is situated in a healthy part of 
‘ the eastern Doon, but unculturable for want of water for drink- 
‘ ing and domestic purposes. The Jakhun Rao at a spot a little 

* above Bliogpoor and distant from it three miles, contains a supply 
of water during the whole year ; it appears to me practicable 

‘ that the water could be taken across at a spot marked on the 
‘ map as Sureedhar and carried along the foot of the Hill to Ranee 

* Pokhri Forest, and perhaps it could be.thrown into a large tanlc^ 
‘ now overgrown with jungle— or by proceeding higher up above 

‘ this spot where water is turned off for the working of the mills 

* now at Sureedhar, the water is already on this side of the Rao, 

• There are lands on the right bank of the Tonse which might be irrigated 
from the Beejapoor water-course, especially those of Seedonwala and Jhujur. 
Captain Kirke having reported on the feasibility of carrying water over the bed 
of this river, and Mr. Vansittart having suggested that such should be done at the 
expense of a native gentleman who offered funds for the purpose, it i# possible 
that this extension to the benefits derivable from the Beejapoor water-course 
may be hereafter can led into effect. 


V 
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* and where the supply of it is much greater, could be carried 

* along through rocks and under the village of Bumeyt and over a 
‘ khud,* measuring 180 feet in breadth and 24 feet in depth, intc 

* the same spot as that to which it would arrive was it taken at 
‘ Surcedhar.” In requesting me to send an Officer to examine these 
lands, Mr. Vansittart remarks — “The same Officer might be di- 

* rected to proceed to the hill village of Doomb, and to ascertain 
‘ whether the water could be carried through the beautiful and 
‘ naturally healthy valley that runs thence towards Rikekhes, I am 

* convinced that large portions of this valley could be immediately 
‘ brought under cultivation, and that I could persuade certain 
‘ natives to provide the cost of the making of the pucka work and 
‘ digging the trench, was the scheme reported practicable, and the 
‘ cost not above 2,000 rupees. It appears to me that both these 

* Canals have at one time been in existence. The valley above 

* alluded to would be a splendid opening for European settlers, 
‘ with a drawback only of its distance from a market.” Had I 
had leisure either in the cold weather of 1843, or 1844, I should 
liave visited the places above alluded to by Mr. Vansittart. I 
should suggest that an examination be made as early as can con- 
veniently be managed, and at the same time the Jakhun river, imd 
the country round about might be reported upon with reference to 
the establishment of lime manufactories^ for the works on the Gan- 

^ffes Canal ; this might lead to the necessity of connecting the manu- 
factories with Hurd war by good carriage roads, which would be 
another work of improvement. 

61. The only Canal works that have as yet been completed 
in the Deyra Doon are the Raj poor water-course with the miOs 


♦ Valley or Ravine. 

f As the bed of the Song river contains a good deal of lime, it will in all 
probability be found more convenient to the Solani Aqueduct and to the larger 
works in That neighbourhood, to bring the material through the Kans Rao 
on Brinjarri bullocks, by which a considerable distance would be saved. 
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attached, and the Beejapoor water-course with its reservoirs and 
mills. The accounts and returns of these works are kept perfectly 
distinct and are under the executive charge of Captain Henry Kirke. 

Expenditure and Returns — Rajpoor Water -course, 

02. Appendix A. exhibits on the Dr’s. side, the total amount 
of sums already expended and for which bills have been submitted 
up to the 31st October 1844, on the Rajpoor water-course includ- 
ing every item of establishment, repairs, &c,, the opposite side 
shews the receipts on' the portion of the Khurreef or rain crop 
■since the work was opened. At such an early stage it is impossi- 
|ble to draw any conclusions, or express any decided opinion as to 
What may ultimately be exhibited on the face of this return, al- 
though an idea may be formed by comparing it with that of the 
Beejapoor water-course : as the mills constructed on the Rajpoor 
t line are numerous and as they are situated in more accessible 
I situations than those of Beejapoor, the income from them will 
always give it advantages in the item of .returns. 

Expenditure and Returns — Beejapoor Water-course, 

63. Appendix B. is a similar return of the Beejapoor water- 
course ; viz, expenditure and receipts from its commencement up* 
to the 31st October 1844, and Appendix C. is an abstract state- 
ment of the same. These papers will exhibit at a glance the dif- 
ference beUveen receipts and expenditure, and although a period, 
of 4 years is not sufficient to raise the advantage of a work of this 
sort to maturity, it will shew very satisfactory results, and I hope 
act as an encouragement to further works of the sort being under- 
taken. In round numbers, one-third of the original outlay has 
been refunded— or nearly 30 per cent, has been recovered in a 
period of about 4 years. 

Water-Rent for Lands irrigated^ and Suggestions {hereupon, 

64. The cause of the high amount of income on land irrigated 

F % 
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on the Beejapoor water-course, during the three crops ending 
October 1843, depended on contracts entered into with the gran- 
tees of the Hopeton Farm, which amounted to 1,500 rupees per 
annum or 750 rupees per crop — this contract was remitted at the 
period abovementioned in consequence of the embarrassment in 
which grantees wfere involved. The returns on this item have 
certainly not come up to the expectations held out, although tliey 
establish the fact that water is chiefly required during the Khurreef 
or rain crop for rice cultivation — during the Rubbee or cold wea- 
ther crop, consisting of wheat, barley, &c. when rain falls in the 
early part of the season, and enables the Zumeendars to plough up 
their land, sufficient moisture appears to exist for the young plant 
to thrive, without any further aid from artificial irrigation, that is 
to say, a crop is produced^ which is what the Zumeendars chiefly 
attend to ; that actual produce however from a given surface 
would be greatly increased by irrigation is undoubted, and that 
the amount of water-rent levied is but a small payment for sucli 
excess of produce, are points which have been satisfactorily estab- 
lished by European farmers, and will, I have no doubt, be ulti- 
mately recognized by the native cultivators. At present one of the 
'greatest improvements observable in the tracts which come under the 
influence of these water-courses is, the extent to which vegetable 
(especially onion) gardens, have been carried, all of which depend 
^entirely upon irrigation. Fruit trees have also been planted in nu- 
merous places, and I have no doubt that backward as we may appear 
to be now, six years hence, (that is to say, when the Canal has flow- 
ed for a space of ten years,) the change for the better will be very 
perceptible. The water-rent on land irrigated is levied on crops 
as per Appendix D., it is one-lialf only of that taken on the Jumna 
Canals. I should however advocate a contract system, by ^vhicli 
the interference of the Canal measuring establishment, and the 
vexatiSns disputes arising therefrom wduld be avoided. The levels 
being permanently fixed, and the water in the water-course being 
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free from silt, it would be by no means a difficult matter to give to 
each village a certain quantity of water, making it pay for the same 
by superficial measurement of opening, or so much per square inch, 
the only difficulty that occurs to me in this arrangement is, the 
allowance to be made for absorption, where lands lie at a consider- 
able distance from the Canal. The contract given to the Hopeton 
Grant was never acted upon satisfactorily, and the value of the 
regulating head which was constructed, for securing to the grantees 
a certain quantity of water, was never sufficiently tested. 

Rent on Water-Mills, 

65. With exception to the saw-mill alluded to in para. 34, 
and a sugar-mill the property of the Hopeton Grantees, and estab- 
■ lished at the tail of their cut from the Beejapoor water-course, 
the only mills as yet in use are those in the native fashion for 
grinding corn. This species of corn-mill, which I have before 
described (as so simple in its parts, that the miller can himself 
keep it in repair,) can be established by the Government without 
the contingent expense of a large and expensive artificer’s estab- 
lishment — there can be no objection therefore to extending this 
sort of mill, as far as the demands of the country call for it. Thfe, 
hftwever, is not the case with mill work when the machinery is * 
complicated, or liable to get out of order — here an expensive estab- 
lishment of artificer’s would be required, and even then the ma- 
chinery would be liable to interruption from the brealfflfee^f 
parts only re-placeable by a reference to Calcutta or England, I 
have not therefore advocated any recommendation to Government, 
embracing the expenditure of public money on this point. I have 
limited this recommendation to the establishment of one of each 
sort of machine for either manufacturing or agricultural purposes, 
so as to shew the natives of this part of India the different ways 
that the water-power on these water-courses may be turned to ac- 
count. I should go still further, and when a machine had been 
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approved of, and its uses fairly tested by the people of the district, 
1 would take the first opportunity of disposing of it, and freeing 
both Government and the Canal Executive Officer from the trou- 
ble of keeping it in order and superintending its efficiency. On 
these grounds the Circular Saw-mill was proposed— and I would 
recommend that a set of vertical saws be also established. Sugar- 
mills are already understood from the one in use or\ the Hopeton 
Grant, it w’ould therefore be unnecessary for Government to do 
anything further on that species of machinery : there are many 
varities however that may be set up with great advantage, for oil, 
cotton, &c., &c. 

Sale of Wood and Grass. 

66. The principles explained in para. 262 of my Notes on 
the Doab Canal, are rigidly enforced in the Doon, viz. that 
everything within the limits of the Canal boundary is property, 
and has its price returnable to the Canal Treasury — this item in 
the present case is of no great amount, but it will increase as 
cultivation increases, it consists of the sale of grass entirely. 

Sundry Collections. 

67. This item consists of filling tanks and watering cattle, and 
will be entirely abolished w’hen the tank system is fairly established. 

Fines for Breach of Canal Regulations. 

' 63r An evil not to be dispensed with, but which ought to be 
limited as much as possible to cases where positive injury is done 
either to the works or to the arrangements for the regulation of 
the water. On the Rajpoor water-course where the channel 
passes through a city, these fines are particularly vexatious if 
awarded strictly agreeably to regulations. Previously to my de- 
parture, Mr. Vansittart had at my request made such arrange- 
ments with the Mohunt that any interference on the part of the 
Canal Establishment, with the channel in its progress through the 
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town would be prevented, a letter was also addressed by me to 
Captain Kirke to enter into correspondence on the subject with 
Mr. Vansittart and the Mohunt — it was however distinctly to be 
understood that the Mohunt was to have no sort of control over 
the water — hut merely to protect, by his influence, the works. 

Management of Works and Collcclions, 

^ 69, The executive duties of managing the works and collec- 

^ons are at the present time entrusted to Captain Kirke, under 
bvhom the whole of the works have been constructed. One Zil- 
iahdar, two Chuprassies and two Chokidars, whose duties are 
nmilar in every respect to those who hold the same situations on 
%e Doab Canal, are attached to each of the water-courses, and the 
|brms of paper, report, and correspondence between Captain Kirke 
imd the Zillalidars, are also the same as on the Doab Canal. Bills 
for ordinary repairs and establishment are submitted on the 30th 
April and 3 1 St October annually, at periods corresponding with 
the close of tlie Fusli accounts. The. accounts of the two water- 
courses and their attendant works are kept entirely separate^ and 
the members of the establishment of one water-course have no- 
thing to say to the works or collections of the other. Captain Kirk^ 
receives a personal salary of 100 rupees a month, and is assisted • 
in his office by one English and one native Writer, the first draw- 
ing a salary of 30 and the latter of 10 rupees per month. This 
total sum of 140 Rupees is chargeable in the proportion o^tw«- 
thirds to the Raj poor and one-third to the Beejapoor water-course. 

Hydraulic and Meteorological Observations recommended, 

70, Daily registers of the barometer, thermometer, and wet 
bulb thermometer, ought to be kept by the officer in charge of 
these water-courses, and I cannot too strongly impress on his at- 
tention, the value that mi^ht be derived from careful observations 
on the discharge, as well as upon all points regarding the flow of 
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water position of deposits of silt in his water-courses^the 
extent^ ^ Imtsonry channel with a well-defined section, continued 
on lines b^th straight and on a variety of curves, offers a fine field 
for investigations on these interesting subjects. 

71. There are many points which, by being brought to notice 
from observations on these small streams, might be the means of 
aiding the Engineer who is engaged on larger works connected 
either with canals or rivers: on the Beejapoor water-course for 
instance, by way of example, and to shew that falls ought to be 
built at points where the alignment is straight, a masonry descent 
or fall has been constructed on a curve : it is observed that the 
rush of water in passing over the tail sets upon one side only, cut- 
ting the embankments away to an extent that is exhibited at no 
other fall, thus : — ^ 



\ \ 


^ DIAGRAM. I. 


A. Portion of Bank removed hy 
the obliquity of the Current 
The dotted line shews the direc- 
tion taken by the Current. 


72. Jhe reason of this cutting away is very obvious, but it 
was overlooked at the time, and in all probability had theobserva 
tion not been made, the error would have been persevered m. 
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The stream is so small in the Beejapoor water-courife|^^4|||||^Bre 
s no great difficulty iu remedying the evil, but had in 

lealing with a large body of water, the consequences jmi^t have 
[)een serious. Observations on the action of water at the tails of 
falls, or at that point where the current leaves a -masonry bed to 
ict upon the natural soil, are very desirable. Captain Kirke has, 
n using a modification of the form adopted in the chambers of 
some of the regulating heads in the water-courses in Italy, suc- 
:eedcd in some measure in ohtaining a satisfactory result, the 
ihape of the reservoir into which the water fiills, and in which it 
expends a portion of its agitation, is in the form of a pear, in 
^ther words the piling which is usually carried in a direct line on 
fech flank, so as to protect the sides from injury, is under this 
Irrangement, curved inwards at the point where the water leaves 
tile work, tims; — 


CHAMBLR 
M!H PtLCS^’,^_tL 
(j:Mt - 


DIAGRAM. 11. 


13. In some cases this plan has materially put a stop to the 
vear on the banks at the points no between which the stream 
lasses off in a fair direction down the channel. 


February \2th^ 1845. 


P. T. CAUTLEY. Cn^., 

Su^dt, Canals^ Doab^ cjc. 
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APPEN. 


J)r. 


RAJPOOR 


Bill No. 7, passed by Military Board, 23vd 
January, 1844, Establishment to Slst Octo- 



ber, 1843, 

Bill No. 9, passed by Military Board, 9th 
August, 1844, Establishment to 30th April, 

90d 

10 

1844, 

Bill No. 12, (not passed), constructing Raj- 

624 

0 

poor Water-course, 

Bill, (not passed), Plantations, up to 30th April, 

42984 

11 

1844, 1 

179 

9 

Bill, (not passed). Compensation to Millers, 

Bill, Offioe Contingencies to 30th April, 1844, 

2743 

12 

passed llthOct., 1844, two-thirds. 

Bill No. 1, passed by Military Board, 23rd 
October, 1844, for keeping open old Line 

72 

13 

Rajpoor Water-course, . . . . 

Bill No. 2, passed by Military Board, 12th 
November, 1844, for keeping open old Line 

552 

12 

Rajpoor Water-course, 

Bill No, 13, (not passed), for Establishment 

413* 

11 

to Slst October, 1844, 

Bill No. 15, (not passed), for Ordinary Repairs, 

787 

0 

to 31 St October, 1844, 

777 

7 

Total Rupees, . 

50042 

8 


8 

0 

9 

6 

0 

4 

10 

0 

0 

0 


1 


P. T. CAUTLEY, CapU, 

^ Sup, Canals, Doab, Sfc, 
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DIX A. 


WATER-COURSE. 


Cr, 


To 3Ist 
May, 1844. 


Sums received from Old Water-course, 
vidti Outlay per Contra. 


From 1st 
of June, 
1844, to 
31 at Oct., 
1844, 


Water-Rent for 1842-43, and 
up to 3l8t May, 1844, ' . 
Water-Mill Rent do., do.. 
Fines, &c., do., do., 


386 7 9 
1144 0 0 
44 4 9 


Sums received from New Water-course 
SINCE Water was admitted. 


1574 


By Water- Rent, 
M Mill-Rent 
„ Fines, 


136 0 8 
851 5 10 

16 14 0 


Total Rupees, . 


1004 4 


2579 1 


6 


J 


HENRY KIRKE, Capt,, 

■ttx. Officer f Doon W uitr-co^ses. 
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Bill No. 59, passed by Government, 13th Nov. 
1840, constructing Water-course, 

15926 

14 

7 

Bill No. 66, passed by Government, 30th July, 
18.41, constructing Bridges, 

744 

0 

0 

Bill No. 67, passed by Government, 8th Sept. 
1841, constructing Falls, . . . . 

6364 

2 

4 

Bill No. 74, passed by Government, 8th March 
1842, constructing Mills 

3109 

14 

10 

Contingent Bill No. 27, passed by Government, 
27th July, 1838, Survey Expenses, 

62 

12 

3 

Ditto, ditto. No. 50, ditto by ditto, 6th August, 
1841, Remuneration to Captain Kirke,. 

697 

12 

3 

Ditto, ditto. No. 55, ditto by ditto, March, 1842, 
ditto, ditto, 

653 

7 

9 

Bill No. 1, passed by Military Board, 30th 
July, 1843, Ordinary Repairs to 1st May, 
1840, 

2996 

2 

8 

Ditto, No. 2, ditto by ditto, 18th March, 1842, 
ditto, ditto, Slst October, 1841, . 

780 

7 

1 

Ditto, No. 3, ditto by ditto, 23rd March, 1843, 
ditto, ditto, 30th April, 1842, 

1053 

7 

10 

Ditto, No. 4, ditto by ditto, 10th March, 1843, 
ditto, ditto, 3 Ist October, 1842, . 

1131 

11 

4 

Ditto, No. 5, ditto by ditto, 28th July, 1843, 
ditto, ditto, 30th April, 1843, 

1202 

12 

4 

Ditto, No. 6, ditto by ditto, 23rd January, 
1844, Establishment, 3Ist October, 1843, , 

Ditto, No. 6, ditto by ditto, 23rd January, 
1844, Ordinary Repair, 32st Oct. 1843, 

421 

5 

4 

767 

8 

0 

Ditto, No. 8, ditto by ditto, 12th November, 
1844, ditto, ditto, 30th April 1844, 

640 

12 

9 

Ditto, No. 10, ditto by ditto, 9th August, 
1844, Establishment, 30th April, 1844, 

Ditto, Office Contingencies, passed by Military 
Board, Uth October, 1844, one-third,. 

448 

0 

0 

36 

6 

8 

Ditto, (not passed), for Plantations to 30th 
April, 1844, 

179 

13 

6 

Ditto, No. 14, (not passed), for Establishment 
to Slst October 1844, . . . 

Ditto, No. 16, (not passed) for Ordinary 
Repairs to Slst October, 1844, 

465 

8 

0 

539 

1 

8 

Total Rupees, . 

38222| 1 2 


V, T. CfAUTLEY,Cap^., 

Supdt, Canals, Doab, ^c. 



DEYRA. DOON WATER^^COUaSES. 


5a 


BIX B. 


WATER^COURSES. 


Cr, 


From 1st 
May ’40, 
to 30th 
April ’41 


1st May '41 
to 30th 
April ’42 


1st May 
to 30th 
April ’43 


1st May ’43 
to 30th 
April ’44 


1st May ’43 
to 31st « 
Oct. ’43 


’42 f 

f.{ 


Water- Rent, . 

. 315 

1 

8 

Fines, .... 

. 28 

7 

3 

Water-Rent, . 

. 371 

2 

2 

Mill- Rent,. 

. 1132 

11 

2 

Sale of Wood and Grass, 

3 

8 

0 

Sundries, 

. 190 

13 

0 

Fines, .... 

. 185 

5 

6 

Water- Rent, . 

. 1924 

a 

8 

Mill-Rent, 

. 1972 

13 

2 

Sale of Wood and Grass, . 

3 

8 

0 

Fines, .... 

. 243 

9 

0 

Water -Rent, . 

. 1149 

0 

2 

Mill-Rent, 

. 2189 

8 

4 

Sale of Wood, &c., . 

8 

0 

0 

Fines, .... 

, 244 

12 

6 

Water- Rent, , 

. 418 

0 

4 

Mill-Rent, . 

. 1020 

3 

11 

Fines, .... 

. 43 

6 

0 


Total Rupees, 


343 


1883 


4144 


3591 


1482 


11444 


8 11 


10 


10 


10 


10 


HENRY KIRKE, Cap/., « 

Ex, Officer f Docn Waters Courses, 



•oin^ip 

-uadxa AiiBsX 


'^uaiuqsn 

>qB)8a JO 1803 


•3CU00UI 

-JI«H 1 «} 0 X 


•suoiivinS 
-ay JO qoBoajj 
JOj sauja 




*- 

o 


1 

w 

00 

eq 

Cl 



o 

o 

o 


CO 



• »o 


J43 



Cl 





CO 


00 

2 


'C OS 


Cl 

t'. C^- 

^ Cl 

2 2 

-- 

1 

O CO 

oo uo 
o 

S o 

1-^ Cl 

2 o 


00 

B-* 00 

^ ur 

O 04 

CO 



« 2 

00 Cl 


p 

CJ 00 

CO '*< 

o 

CS 

1 ^ 


W 00 

^0 


o 

O Cl 

o o 

^ o 

o 

o 

O f-i 

o o 

U5 o 

o 


00 kO 

00 CO 

f-N CO 

00 


<o 

2 « 


5 


«o 0« 

O O 

O 04 

oo 

00 

“tN.” O 

io 

04 04^ 

~~”o 


O CO 

O 00 

d ~ — 

CD OO 

to US 



Cl S 

04 S 


CO 

CO o 

o o 

~to o~~ 

©' 



00 CO 

Cl «A 

*o ^ 

O CJ 

o 


*03y ‘s^iicx ^ 

fluinii 'suoij 
-00UO3 Xapung ” 


•SSBJg puB 
POOAVJO 91BS 


: o o o 

: 00 O 00 


I 'Bum 


•paiBSiui 
puBi uo luaa 


S • 53 ih^ 

r ~ 

«C ^2.°m '«S»2w JS2®^ 

5^ 2o? 2 5lSs ?I52 





Rates of Water-rent levied on Lands Irrigated from the Canals in the Deyra Doon, according to the 
value of the Crops grown, and relative facilities for using the Water. 
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